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FOREWORD

This report was prepared by the Physics Section, Divisionsl Development
Laboratories, of the United States Rubber Compeny, Mishawvaka, Indiana under
USAF Contract No. 33(616)48l and Supplemental Agreement S3 (54-1266). This
contract was initiated under Project No. 7340, "Rubber, Flastic and Composite
Materials®, Task No. 73400, "Structural Plastics®, formerly RDO No. 619-11,
*Bubstitutes for Critical and Strategic Materials®, and was administered under
the direation of the Materials Laboratory, Direstorate of Research, Wright Air
Development Center, with Mr. George Peterson, and the Power Plant Laboratory,
Directorate of Laboratories, Wright Air Development Center, with Mr. Jack Weil
acting as Project Engineers,

Dr. P. G, Roach wvas administrator, and Mr. W, Smith vas materials and
development co-ordinator for the United States Rubber Company.

Mr. D. DeWitt co-operated in the development and processing of test pro-
cedures and in editing reports and preparing photographs and drawings, and Mr.

S. Piacsek assisted in the derivation of equations and analysis of the results
for the United States Rubber Company.

This report covers period of work from October 1954 to September 1955
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ABSTRACT

Different types of backing board materials were tested by
internal explosion techniques to exsmine the feasibility of dupli-
cating gunfire damage. Pressure deflection tests on a simulated
airframe installation were made to relate mechanical properties
of the backing boards to their support characteristics for both
self-sealing and bladder type fuel cells.

Empirical equations were developed for the deflection of
backing bocards under fluid pressures. The tests included encountered
the maximum and minimum spans which would normally be in aircraft
structures., Equations were correlated with the physical properties
of the backing boards as the basis for establishing a method of

specifying backing boards.

Production trials of USV CR 88 backing board were made to examine
the feasibility of production by continuous methods and furnish
material to the WADC.

PUBLICATION REVIEW

This report has been reviewed and is approved.

FOR THE CCQMMANDER:

Technical Directar.-
Materials Laboratory
Directorate of Research
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OBJECTIVE

This work relates to a study of the reaction of widely different
constructions of fuel cell backing boards to fluid pressure loads
under conditions simulating those existing in aircraft. These fluid
loads were applied explosively and by relatively slow pressurization.

A principle part of the work was the development and construction
of test devices, to produce fluid pressure loadings on simulated
backing board installations, by means of which measured and cal-
culated strength values could be compared under the action of simulated
fuel heads over 30 feet. In addition, further development of a device
for simulating gunfire damage to becking boards——-by means of the
internal explosion technique--~~was undertaken.

Engineering data obtained from the various test procedures was
correlated with the physical properties of the materials and the
dimensions of the pressure-deflection test setup to devise equations
which might be used in specifying backing board materials in aircraft
design. Both regular self-sealing type fuel cells and bladder type
cells were used in the investigations.

WADC TR 54=474 Pt 2 1




INTRODUCTION

The work described in this report is correlative with Wright Air . }
Development Center Technical Repart S54=474.

The objectives of this program required the selection of backing ' )
board materials which could be expected to give the extremes of physical
properties required and, in addition, be materials on which a considerable
back log of experience was available., A list of backing boasrd materials
was prepared in conference with the Wright Air Development Center and
these are discussed in Appendix I, page 108.

Appendix 11, page 109, discusses the problems of backing board in-
stallation mentioned in conferences with engineering personnel in the
airframe industy, and some aspects of these problems which influenced
the design of the simulated internal explosion test and the pressure-
deflection tests.

The gunfire test jig, an internal explosion device, for simulating
backing board damage resulting from gunfire was designed, constructed,
and evaluated. The design and construction details of this portion of
the program are given in Appendix III, page 112. This jig was also used
for the pressure-deflection testing.

"
- Frn,

The mechanical properties of the test materials were obtained in
general by the test procedures referred to in Military Specification
MIL~-P-8045. The mechanical properties and elaborations on the test
procedures for the backing materials used in this program are given in
Appendix 1V, page 118,

Appendix V, page 126, describes the cube gunfire tests.

Appendix VI, page 129, describes the method of producing USV CR 88
backing board.

The work of this report was undertaken with the understanding that
simultaneous investigations of all the variables immediately apparent in
any one phase, such as simulating gunfire damage to backing boards by
controlled methods, was a task of a magnitude, beyond the limits imposed
upon this investigation. Further, the danger of picking discrete va-
riables for investigation while assuming constancy in the others, is well
recognized.,

The work was therefore undertaken essentially by systematic inves-
tigation of specific variables while holding other variables constant.
The discussion of the results of the pressure-deflection testing illustrates
the problems which result when a presumed constant factor is found to
vary in an unknomn manner,

WADC TR S5L4=474 Pt 2 2




DISCUSSION
SECTION I
GUNFIRE TEST JIG INTERNAL EXPLOSICNS

TEST METHODS AND SERVICE CONDITIONS

WADC Technical Report 54-47L, Part I describes a method of testing
backing boards for resistance to gunfire damage, This, in essence, in-
volved placing a panel of test material with a simulated projectile

wound against a fluid laden container, and creating rapid high fluid loads

by means of an explosion in the fluid,

This repart deals in part with the construction and evaluation of a
similar type of test device using a larger test panel, mounted on a si-
mulated aircraft structure, The construction of the internal explosion
tester is outlined in Appendix III, page 112, and the finalized version
of the device is shown in Figure 1, page 4. This jig has the following
improvements in the original design:

l. The use of a larger test panel, more nearly representative
of the surface area involved in service installations.

2, The use of a backing plate with provisions to support the
backing board against various supporting members simulating
the general configurations to be found in structures where
backing board is used, and permit various fastening methods
to be tested.

3+ The use of fuel tank to more nearly simulate service condi-
tions, and reduce testing time by making installation of the
test panels easier, and eliminating fastening of the edges of
the backing baard,

Cube gunfire tests were conducted in accordance with the methods of
MIL-P-8045 and MIL~T-5578A at ambient temperatures, The boards were in-~
stalled in the cube as Type III materials. The fuel cell was a US~173
construction, Type I, Class A, Style I, per MIL~T-5578A. These tests
were nede to compare with internal explosion results. A description of
the tests is given in Appendix VI, page 129,

EXPERIMENTAL RESULTS AND ANAIYSIS

Figures 2 and 3, page 5, show the results of cube gunfire on backing
boards USV 747-5 and Figures 4 and 5, page 6, show the results of cube
gunfire tests on USV CR 88, These are typical examples of the damage
resulting from cube tests on USV 747-5 and USV CR 88 becking boards. In
general, all references to simulated gunfire damage are to be compared
with entrance shots in Figures 2 thru 5, which are marked "E".

WADG TR 54~47h Pt 2 3




INTERNAL EXPLOSION JIG
SIDE VIEW (IMPROVED)

WADC TR 54~474 Pt 2 4
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Figure 6, page 8, shows the damage caused by internal explosion
testing to panel 24, see Table III, page 21. This is typical of the
damage caused at the hat section supports and at the fastening points
in the 30 inch x 40 inch bacidng board test panels tested on the inter-
nal explosion jig. All subsequent illustrations show only the 14 inch
by 14 inch section of the test panels around the simulated gunfire
wound. It follows that the general pressure pattern occuring in gun-
fire cube tests is being duplicated by the internal explosion.

The five panels show in Figure 7, page 9, were the initial trials.
The explosion was created six inches deeper in the fluid for panel 4,
but the greater damage expected did not result. Table I, page 12, gives
the test conditions for the first twelve intermal explosion tests. In
actual gunfire tests the damage has been shown to be more severe where
the projectile enters lower in the fluid. It appears therefore, that
the internal explosion test is not sensitive to the height of the fluid
head above the explosion.

Figure 8, page 10, shows panels 6, 7, 9, 10, 11, and 12 which were
run under similar conditions. The variation in the testing of these
panels took place in the successive deformation of the horizontal "I
beam supports which started with panel 3 and continued to panel 9, when
it seams an equilibrium was reached and no further bowing of the hori-
zontal members occurred. The tests on panels 3 to 12 were made using
the same hat sections for support, and these were progressively damaged.
In these tests the simulated projectile wound was located immediately
between two hat section supports. The explosions took place on a hori-
gontal level with the wound.

Panels 10, 11, and 12 which were run after jig damage had stabilized,
illustrated the repetitive action of the test. However, by referring to
the results of cube gunfire tests on USV 747-5 panels, Figures 2 and 3,
it is apparent that the damage caused by gunfire tests covers an area
approximately two and one half inches by three and one half inches. The
internal explosions results consist only of minor tears.

re page 11, shows panel 8, which was run to determine the
offect of the explosion on wounds placed above and below the standard
level. These were centered between hat sections on either side of the
standard position. In this test the explosion was set off in position
standard to the other panels reported, which was in the front port and
centered vertically and horizontally in the structure,

By examining the damage of the internal explosion on panel 8, Figure
9, it was evident that the wounds placed at positions on either side of
the standard position suffer no noticeable demage. This fact combined
with evidence of more severe damage to all the test boards in the area
immediately in front of the explosive charge, which had been located be-
hind a hat section, and the noticeably greater damage to this hat section,
-suggested that more localized damage may be produced in the wound area if
the hole and hat section location were changed to bring the explosion as
close as possible to the wound.

WADC TR 54=474 Pt 2 7

£

- — —



1y

3

~ e

332
AL »
P war r
® 3
AD N
. @ ‘
Sove -
* ) i v 3 3
-5"' 1 I 84 A V.
- A bt

wa";zﬁ P

L
al 3
TN T Trrom
i vets 2R ldad
: W""’”*’“""‘

4

[$ AR qdits] ft e aeds
et 4Ty Ty e ;
e Jhgugy.

l?;a
N

'1.‘ LN RS X4
; »
¢ v
Y
1 i
t 12
3 1
s
LR} | o
*
4§
L4
. py
jriefy it
3 1755 Sl
+ ,isr‘ [} px

#ADC TR 54L-47L Pt 2

wldbe  em s

IS T wh ..

. Wi 'wm-"“'~-;
“ Ty s By W - et
i Jagt
b S e LT
S d e 1 e pr . :
v - Ty

P
MR N

T

|

< © e
- ————— oy

ne jrdad 27N

e, A o s ey

e e

iy

%“.’.“ﬂ

g rey
-

INTERNAL EXPIOSION TEST

o Iy
by £ 2 !
i3
Foaad
&z.‘
" "‘
3

.

L 4 X
+ AN
W

PANEL 24; (30" x 40n)




i

L

v

WADC TR 54-474 Pt 2

)

Y rpies

FIGURE 7

INTERNAL EXPLOSION TEST
PA.NEIS l, 2’ 3’ 14, and 5



{ 7

-
w
o,\\\'
- .. < e it e 2
/
W A/
A1 12
« o N>
<_ e M-—é
U Y,
FIGURE g

INTERNAL EXPLOSION TEST
PANEIS 6’ 7, 9, lo, ll, arld 12

WADC TR 54-474 Pt 2 10



8 Tdvd
LSAL NOISOTdXw TTIBGINT

6 HUNOIA

\/‘AUTLJOJL,\X.

73

11

WADC TR 54~474 Pt 2



TABIE I

ION DATA 2|
|
POSITION OF EXPLOSION o
BEHIND HAT %
CODE PANEL DATE SECTION

Water level in tank: Full; Self-Sealing Cell, US-173 construction, Type I, Class A,
Style I; 6 inch span; simulated wound centrally positioned on panel*; Explosion in
1st port. Type I Installation,

(See Figure 7) |
1 Usv 747=5 11/31/54 X
Large fuel cell and 1/8 inch hat section plate. (Jig door blown open)
2 USV 554 12/3/54 X |
Lerge fuel cell. Hat sections and plate badly damaged.
!
3 USV CR 88 1/4/55 X 1

New fuel cell, New hat section plate. (3"). DProgressive bowing
of "I" beam starts at this point. !

. |
4 USV CR 88 1/1/55 X !
Wound 6 inches below center,
5 Usv 747-5 1/6/55 X |
Water level 6 inches from top of tank. i
(See_Figure 8) !
6 USV 7475 1/7/55 X |
Witnessed by WADC Personnel. !
7 USV CR 88 1/7/55 X
Witnessed by WADC Personnel.
9 USV T47=5 1/20/ 55 X
Bowing of "I" beam stabilized at this point.
10 UsV 747-5 1/20/55 X
u USV 7475 1/20/55 X
12 Usv 747~5 1/21/55 X
Figure ’ ;
8 USV 747-5 1/20/55 X

Three simulated projectile wounds.

¥ See Appendix I1I, page 112,

WADC TR 54-474 Pt 2 12



. thm. g:u.:or damage to test panels in the area immediately next
0 the explosion was noted on panel 8, Figure 8. Figure 10, 14
shows the results of internal explosion tests on panels 13 ang.‘lz, ’
(USV 7475 backing board) which were made to examine the effect of
placing the simlated wound as near the explosive charge as possible.
These demonstrate the result of having the simulated wound directly
in front of the explosive charge. More damage mas created directly
around the wound, although the tearing was exaggersted beyond what
would be expected with this material in gunfire tests. ITable II, page
i.g, l;.;ta the conditions for internal explosion teats on panels 13
rou 18,

Panels 15 thru 18 were run to examine the variation in damage that
occurs with successive changes in the structure as the test frame was
damaged by the force of explosions. Panel 15 was a USV 747-5 material
installed as a Type III materisl on the explosion jig test frame. The
panel was mounted on standard cube gunfire hat sections as specified
in MIL-P-8045, and the projectile wound was located midway between hat
sections and directly in front of the explosive charge. Panel 15 was
fired on a new test frame, with standard hat sections mounted on a new
one~half inch aluminum panel. The board was fastened to the hat sections
by number 6, Parker-Kaylon AN-530-6-6 sheet metal screws, spaced 6 inches
on centers, It should be noted that all tests prior to panel 15 were
Type I installatians.

With penel 15 mounted on the new test plate, the supporting "I
beams at the jig door were bowed one-half inch from the back of the one-
half inch aluminum test plate in the center of the panel. The result of
the explosion test on the USV 747-5 material, panel 15, indicated that
little damage occurred to the material in contrast with that of panels
13 and L4 in which the test plate was bowed by previous explosions to
make contact with the supporting "I" beams, where the board was installed
as a Type I material. This leads to the conclusion that wide variastion
of damage to test panels may be expected when the supporting members are
appreciably dameged. This is further demonstrated by the more severe
damage to another USV 747-5 board, penel 18, shown in Flgure ]O. Here
the test frame used for panel 15 had bowed back to close proximity with
the supporting "I" beams after explosions on panels 16 and 17. This
suggests that the resiliency of the frame accounts far some absorption
of energy. Peanel 16 shows the relatively small damage to USV CR 88
material, when the test frame was still relatively unsupported by the
"I" beams, while panel 17 shows increased delamination and excessive
tearing.

~SUMARY. DISCUSSTON

The results of the first 18 internal explosions indicated that the
design of the explogion jig using the unstable framework and aluminum hat
sections was not adequate to permit reproducible results. It was shom
that the pressures created by the explosions were sufficient to change the
dimensions of the supporting fremework. It was evident that the overall
damage to the test panels along the points of contact with the hat sections

WADC TR 54~474 Pt 2 T 13
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INTERNAL EXPLOSION DATA
POSITION OF EXPLOSION

g:t.;r %evzlininhtank: Il'u.;l.lm,1 Self-Sealing Cell, US-173 construction, Type I, Class A,
yle I; ch span; simulated wound centrally positioned on el;%* losion in
1st pOl‘t. (Frmt Por'bo) paness Exp

(See Figure 10)

13 Usv 747-5 1/26/55 X
Hat section mounting panel was unfastened and moved three
inches to right to bring simulated wound nearer the ex-
plosive charge. 4 to 7 inch tears were produced with shear-
ing along the hat sections. Type I Installation.

Ly USV 747-5 1/26/55 ¢
Close duplication of damage on Panel 13 occurred. Type 1
Installation.
15 UsV 7475 2/1/55 X

Type III Installation. 1 to 2 inch wounds. New test plate and hat
sections, Test plate bowed after explosion.

16 UsV CR 88 2/11/55 X
Type III Installation. No tearing in panel and slight delamination.
Considerable bowing in test plate. Some damage to hat sections in
explosion area,

17 USV CR 88 2/18/55 X
Type I1I Installation. Extensive tearing of panel and shearing at
hat sections with considerable delamination in wound area, Test
plate nearly in contact with previously bowed "I" beam supports on
test frame,

18 Usv 747-5 2/18/55 X
Type III Installation. 2 to 3 inch tears in panel with considerable
delamination in the wound area. Shearing at hat sections, Test
plate nearly in contact with "I" beam supports,

% See Appendix III, page 112,
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and at the fastening points, was quite similar to that experienced by
the same materials in cube gunfire trials. However, the damage at the
wound area of the materials was of a different general character and
of either greater or lesser extent than the same materials suffered in
gunfire tests,

The results of variation in the test procedure used during the
first 18 explosions showed that localized damage in the wound area could
best be achieved by creating the explosion directly behind the wound.
The position of the concentrated affects of the explosive charge, with
respect to the simulated wound, was shown in Figure 9, page 11. The po~
sition of the hat sections was changed in subsequent tests to bring the
explosive charge directly behind the simulated wound in the test panel.

The preliminary tests served to show that the change of the depth
of the charge in the fluid did not produce the changes in the effect of
the explosion that were anticipated,

Similarly, chenging the height of the water level in the fuel cell
did not seem to appreciably affect the damage to the test materials. It
vwas evident however, that the height of the water level in the tank did
affect the stresses that were developed around the metal fastening plate
of the fuel cell. Considerable difficulty was experienced in maintaining
a leak-free seal in this area when the cell was filled with water, This
difficulty was reduced when the level of the fluid was six inches fram
the top of the tank. This fluid level was used in all tests after the
first 18.

Table III, page 21, describes the test conditions for the rest of
the internal explosion trials. The results of tests on panels 19 thru
34 are shown in Figures 11, 12, and 13, on pages 18, 19, and 20, In this
series of tests the solid steesl hat sections and mounting plate described
in Appendix III, page 112, were used as a means of maintaining stable
test conditions. It should be noted that a bladder type fuel cell was
used for these tests as compared with the self-sealing fuel cell previously
used.

Since test panels 19 thru 34 were primarily intended to investigate
the reproducibility of the test, and methods that could be used to simulate
gunfire damage, the type of cell was chosen primarily on the basis that
the bladder type cell exhibited better resistance to damage at the metal
fastening plate. No comparison of the effects of the type of cell on the
damage resulting from the testing can be made. It seems reasonable to
suggest that the use of self-sealing type fuel cells would result in same-
what lower damage levels to the.backing material as a result of the
cushioning action of the relatively thicker construction, as compared to
the thinner, more flexible bladder type materials.

The first two explosions using the conditions of Table III produced
lamage to USV CR 88 boards far in excess of any previous test, and very
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different from cube gunfire tests, These are shown in Figure 11, panels
18 and 19, The similarity of the damage between the two panels was con-
sidered excellent, The greater extent of the damage compared to previous
tests was attributed to the close proximity of the explosion to the si-

mulated wound, combined with the high rigidity of the steel test members.

Panel 20 was run under the conditions above to examine the action
of USV 33 backing material which is known to have unsatisfactory gunfire
resistance in Type IIIl installations. It is evident from the illustratien
of Figure 11, that the damage to this panel was more extreme than that of
the two USV CR 88 trials. Complete shearing can be noted at the edges of
the hat section supportas.

In tests 22, (USV CR &8 panel) and 23 (USV 33 panel) a one-half inch
sheet of cellular shock absorbing material (U.S. Ensolite) was introduced
between the fuel cell wall and the test panel. A six inch diameter hole
was made in the padding materisl centered over the simulated projectile
wound., The damage to these psnels under identical conditions with panels
19, 20, and 21, show the effectiveness of the padding material in con-
centrating damage in the wound area, The pedding greatly reduced the damage
along the hat section supports. This is definitely shown in comparing the
USV 33 trials on panels 20 and 23.

The explosive charge was placed in the second port starting with panel
24, In this position the damage caused by the explosions was in all cases
less than would be expected from actual cube gunfire testing., However,
panels 24 thru 29 were run to examine the reproducibility of the method.
Panels 24, 25, and 26 (USV CR 88) showed excellent similarity of damage
over the entire 30 inch by 40 inch test panel. The 14 inch by 14 inch sec-
tion shomn in Figures 11 and 12 show the good similarity in the wound area.

Three panels of USV 33 material, panels 27, 28, and 29 of Figure 12
also showed excellent reproducibility between tests. Camparing internal
explosion tests of USV CR 88 material with the USV 33 material shows greater
damage to the USV 33 backing board, but not nearly in the degree that exists

in cube gunfire tests,

It is concluded from these results that the test is very reproducible,
and does indicate differences between materials. However, the degree of

damage between test materials is considerably less on the internsl explosion

test, than it is on cube gunfire tests. It is known that cube gunfire tests

of USV 33 materials in a Type III cube test installation would be more near-

1y like the front port internal explosion of panel 21, Figure 11.

Panels 30, 31, and 32, shomn in Figures 12, and 13 were run on usv
47-5, Swedlow S 2N, and USV 55A backing bcards respectively to provide
data for comparing all the materials of the test program. Here again it
was concluded that the results show differences between materials, but not

in the same degree as gunfire tests.
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BOSITION OF KXPIOSJON
CopE EANEL DATE (PORT)

Water level in tank: 6 inches from top; Bladder Cell, US-577 construction; 6 inch
spen; similated wound centrally positioned on panel;* Explosions placed directly
behind wound ares in tapk. Type III Installation,

o e ion,
(See Figure 11)
19 IE-1 USV CR 88 7/25/55 1st (Front)
20 IE-2 USV CR &8 7/25/55 lst
21 IE-3 USV 33 7/26/55 lst
22 IE~4 USV CR 88 7/26/55 1st

One-half inch sheet "Ensolite" between fuel cell and panel with
hole 6 inches in diameter cut at position of wound.

23 IE-5 USV 33 7/27/55 1st
One-half inch sheet "Ensolite" between fuel cell and panel with
hole 6 inches in diameter cut at position of wound.

2, IE-6 USV CR 88 7/28/55 2nd
(See Figure 12)

25 IE-9 USV CR 88 1/28/55 2nd

26 IE-8 USV CR 88 7/28/55 2nd

27 IE-7 USV 33 7/28/55 2nd

28 IE-10 USV 33 1/28/55 2nd

29 IE-11 USV 33 7/29/55 2nd

30 IE-12 USV 747-5 7/29/55 2nd
(Ses_Figure 13)

31 IE-13 S 2N 7/29/55 2nd

32 IE-14 USV 55A 7/29/55 2nd

33 IE~15 USV CR 88 8/23/55 2nd

High Speed Photographic Analysis.
3 IE-16 USV 33 8/23/55 2nd

High Speed Photographic Analysis.

# See Appendix Iﬁ';-pago 112.
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Panel 33 (USV CR 88) amd panel 34 (USV 33) were run under the con-
ditions listed in Table III for high speed motion picture study. The
sketch of Figure 72, page 117, depicts the manner in which the movies
were taken, (See Appendix III.) The primary action of the explosion, is
viewed through the second mirror. This shows the initial tearing and
delamination. As the backing board is forced outward by the explosion,
it breaks the mirror, and the remaining action is visible through the
first mirror. The position of the first mirror in the line of sight of
the camera is such that it reflects an image that would be seen by an
observer looking downward on the test panel,

The film displays action that may be related to a peculiarity of
damage that was noted on all the test panels. This can be noted par-
ticularly well on the illustration of panel 22, Figure 11, where there
appear to be tw distinct areas of concentrated damaze. The first is in
the area of the simulated wound which is on a horizontal line with the
explosive charge in the fluid. The second appears six or seven inches
higher on the panel directly above the simulated wound.

In analyzing the action evident in the high speed film it appears
that the initial bulging of the backing material in the area of the
simulated wound is followed by a more pronounced bulging above it. This
suggests the possibility that a second shock wave may be formed by re-
flection from the walls of the test jig. Robert H. Cole, Reference 14,
discusses reflection from solid members in his treatise, "Underwater
Explosions". It would be beyond the scope of this work to more than
suggest that phenomena described by Cole might explain the occurrence
and position of a second shock front in the fluid., In any case it appears
that pulsations in the test panel occur and all panels tested show what
appears to be an area of concentrated damage above the initial explosion

level., Figure 73, page 117, illustrates the manner in which a reflected
shock wave might act, (see Appepdix III.)
SECTION I1

FRESSURE DEFLECTION TESTING

SERVICE CONDITIONS

One of the prime functions of backing board materials in aircraft
structures is to support the fuel laden cell. The backing board serves to
distribute the highly localized loads that occur at points of contact with
the air frame structure over the surface of the relatively flexible fuel
cell,

The work described in WADC Technical Report 54-47, Reference 15,
page 131, indicated the desirability of testing backing board materials by
neans of a biaxial tension test. The objectives of this work involved the
design, instrumentation, and evaluation of a test device for subjecting
backing board materials to fluid loads. The preliminary investigation of
the factors to be considered in constructing test equipment included
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conferences and discussions with air frame manufacturers. The general

shapes of the supporting members and the maximum and minimum spans

across which the backing board would be installed was discussed in the '
conferences described in Appendix II, page 109. The preliminary de- (
sign of the pressure deflection test equipment was then made in con~ |
ference with the Materials Laboratory and Power Plant lLaboratory of the
Wright Air Development Center,

The general charecteristics of the design first developed for in~
ternal explosion testing and pressure deflection evaluations are showm
in Figure 69, page 113, The improved construction, with stable steel
members described in Appendix III waes obtained by eliminating deficien-
cles that became apparent in the internal explosion testing.

The use of the rigid steel test frame for pressure deflection test-
ing represents the same departure from duplication of service conditions
as those discussed in the internal explosion testing of Section I. The
use of a rigid structure as opposed to the more flexible aluminum sec-
tions found in air freme construction was found to be justified by the
results of the pressure deflection testing. It was found that amall
differences in fastening techniques resulted in significant variations
in the response of a given material to pressurization. |

Although many possibilities existed for combinations of various
shapes and spacing of supporting members, and fastening procedures, a
single shape of support and the fastening system used in cube gunfire
testing was adopted for the pressure deflection evaluation.

TEST METHODS AND EQUIPMENT

A standard system of installing backing boards on the test frame
was adopted. Figure 70, page 114, shows the slotted steel frame with
simulated hat sections bolted at six inch center spacings. The test
panels were mounted by drilling 5/32 inch holes in the panel and fastening
with AN-515~8R10 screws into tapped holes in the hat section., Fasteners !
were placed at six inch intervals by means of a torque controlled mounting
drill. Spacing for the holes was accomplished by use of a drilling tem—
plate, The fasteners were spaced symetrically along the length of the
hat section.

Careful manipulation in drilling and moumting the panels was re-
quired to minimize warping and localized tensions in the test panels.
In the same panels the lack of absolute flatness in the material before
mounting precluded a certain unevenness in the surface of the mounted

test panel.

After the panel was mounted, the test frame was swung into fastening
position on the main tank, and the fasteners adjusted until the test
panel was in the plane of the front edge of the test jig and the fluid ‘
filled tank in an unstressed position. Water was introduced into the i
tank by means of the flexible pressure hose connected from the source to
the tank inlet, Other ocutlets on the tank were open to prevent premature
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pressurising., Deflection measurements were taken at this stage of the
test to indicate the deflsctions caused by the static wmater head fram
the measurement position to the inlet overflow level. The 12.75 inch
head of water over the position at which the deflsction measurements
were taken caused an initial load of Q.46 psi upon the test panel. The
deflection sensing shaft contacts the panel at a distance ten inches
below the top of the test frame support plate., The shaft is held in

contact with the test materisl by light spring pressure in the deflsction
transducer.

Figure 1L, page 25, shows the arrangement of the pressure deflsction
test equipment, The deflection sensing transducer is shown mounted on
the test frame. Deflection was recorded by fixing the sensing arm of
the Tinnius Olsen Blongation Transducer against a shaft in contact with
the backing board material. Deflection of the backing board at the mid-
point of the stringer spen caused a lateral movement in the perpendicular
sensing shaft which in turn activated the transducer arms The shaft was
held in contact with the backing board surface by spring loading, and
was free to move thru a bushing support that maintained the shaft in the
test position. The electrical signal from the deflection transducer was
transmitted to a Model 51 Electronic Recorder manufactured by the Tinnius
Olsen Testing Machine Campany. This autographic recorder rotated the
stress strain chart to produce the deflection axis. The recorder is
shom in Pigure 14, on the work table, to the left, The deflection sen~
sing transducer, a Universal Strein Instrument, Type U-l, manufactured by
the Tinnius Olsen Testing Machine Company was mounted on the test frame
to sense the deflection of the test panel by contact with the center of
the deflecting surface.

A pressure transducer of the SR-4, Type EMB, range O to 50 pounds
per square inch gauge pressure was mounted on the jig and connected to
the fuel cell. This transducer is manufactured by the Baldwin-Lima-
Hamilton Company. The electrical signel produced by the pressure trans-—
ducer was transmitted to a control unit, which subsequently presented
this signal to a Brown "Elecktronic" Potentioweter Type Autographic Re-
corder, kodel 153X10P. This recorder was used to produce the pressure
axis on the stress strain chart. The control unit incorporates cali-
brating resistors and regulation of the zero position and span width of
the recorder, as shomn in Figure 15, page 26.

The simultaneocus operation of the two recorders produces a stress
gtrain diagram of the test pressure against the panel deflection. Figure
16, page 26, shows a flow chart of the recording system.

The test system described above represents the general procedure
used throughout the pressure deflection eveluations. Initially it was
thought that regulation of the water supply used to produce the test
pressures would be required. It was found however, that the rate and ex-
tent of pressurization was adequately controlled by regulating the volume
flow of water into the system manually. The pressure regulation systea
built for this purpose was then discarded.

The feasibility of using two separate recording systems working to-
gether was first evaluated with a pneumatic-mechanical motor. The pneumatic

WADC TR 54-474 Pt 2 2,




N3ISZS 187y NOILOTqaq quNssTHd

T Tty

25

JADC TR SU~4 7 Ft 2



TIOQURE 15
RECORDER CONTROL WNIT
orPur
PRESSURE ALIS
1 O )
rrEssurg 2 O- T -O CALIBRATE
TRANSOUVCER 3 20 % LO RESIsSTOR
4 AMA ZERO ADIUST | ——
| 20 v 20K =
- ~ZA _MM'!@M CALIBRATE
ﬁ sK SWITCH
YUV “‘loo | I
SPAN ADIUST _,
[6 6] [o 9]
BATTERY BATTERY
SwitTcH
FIGURE 16
FLOW CHART

PRESSURE DEFLECTIQN SYSTEM

PRESSURE |—

- PRRSSUR® OROowAs

: RECORDEN.

TRANSDUVGER

EFLECT ION .
TINIVS~OLSEN TINWWS~O0LSEN

STRAIN GAVOR RECORDER,

WADC TR 54=47L Pt 2 2

2}




motor demonstrated the usefulness of the data but its response to pressure
changes was inadequate, and it was replaced by the bridge type pressure
transducer regulating the electronic recorder.

In genersl, the test procedures were carried out with the backing board
materials discussed in Appendix I, page 108. In a few instances, other
materials were tested in the series, where it seemed this might supply use-
ful information. An Introduction to Pressure Deflection Trials, page 28,
explains the entries in Table IV,

EXPERIMENTAL DATA

Table IV, Pressure Deflection Trials, page 29, lists the conditions
under which the pressure deflection tests were run for each trial. Pressure
deflection data is given for the 6, 8, 10, and 12 inch hat section spacing
using both bladder and self-sealing type fuel cells., Remarks regarding the
results of the tests are included in this table.

The deflection resrdings were all taken at the center of the individual
hat section spacings at a position 10 inches from the top of the test frame.
All readings of deflection were taken in the hat section spacing centrally
located with respect to the ends of the test frame except where noted as "left"
or "right", Left or right ih this case refers to the first full spacing at
the extreme right or left of the test frame when facing the test jig.

The stress strain curves for each of the test penels are included as
figures following Table IV, and are in the same order as the data which re-
lates to them in the table. Since the static loading of the fluid introduced
into the test cell prior to pressurization produced an initial deflection of
the test panels, this deflection was graphically added to the stress strain
curve where necessary.

The stress strain curves were taken at the same magnification on all the
test materials, Vhere this produced a curve longer than the length of the
recorder paper, the extended portion of the curves was brought back to the
gero position and the curve continued on the same sheet, Further, several
curves were represented on a single sheet by moving the zero pressure position
of each succeeding curve a unit distance on the pressure axis.

Table IV gives data for the 60 pressure-deflection tests. Standard con-
ditions were used in all tests except where otherwise designated in the notes.

Trials numbered 1 and 2, Figures 17 and 18, established a technique for
testing. They also showed thst considerable difference could be expected
between tests made in the center hat section area and et the extremes of the
test plates, This is further demonstrated in trials 3 and 4, Figures 19 and
20, These tests show the effect of the frictional forces between the hat sec-
tion support and the test panels. The test panels of USV 747-5 backing board
used in trials 3 and 4 were installed without fasteners in the manner of a
Type I installation. The conditions were the same for the two panels except
that a silicone jelly was used as a lubricant between the test panel of trial
L and the hat sections supporting it. The greater deflection resulting from
the lubrication of the supports, comparing trials 3 and 4, demonstrates the
considerable effect that the edge conditions have on the system.
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ANTRODUCTION TO TABLE IV
PRESSURE DEFLECTION TRIALS

Column one of Table IV gives the order number in which the pressure
deflection tests on the materials of column three are discussed. Column
two liasts the PD number of the tests which numbers the order of testing.

The order in which the pressure deflection test data is presented
in this report is showm in column one. The code listing of column two
gives the chronological order in which the tests were performed. Column
three, headed Panel, identifies the test material, The data for the
preasure deflection tests is presented in the form of stress strain curves,
The figure on which this data appears is listed in column four under Stress
Strain Curve. It should be noted that in some instances several stress
strain curves were reproduced on the same chart to consolidate the report.

The figures containing the stress strain data are exact copies of
the original recordings. However, in some instances the initial deflec-
tion of the test panel resulting fram the pressures created by filling
the test cell with fluid were recorded separately from the pressurization
cycle. In these instances the figures that are reproduced after Table
IV show the initial pressure and deflection graphically added to the
curve.

Column five lists the maximum pressure that was used during the
test. The initial deflection that occurred as a result of filling the
test cell is listed in column six.

Column six gives the permanent set for each of the test panels. This
is defined as the deflection of the center of the test span that remained
when the tank was depressurised following a test. This is shown as the
distance between the initial deflection and the retum trace on the stress
strain recordings. These values can be campared only in those instances
where the maximum pressures of the test were the same.

The notes of Table IV, which appear under the panel listing indicate
the position of the deflection measurements and other deviations from the
standard procedure. Any remsrks about the performance of the panel are
included here as notes. :

In reading the data from the stress strain curves, it should be noted
that the curves originate at zero pressure and gsero deflection. One major
division on the pressure or load axis represents 5 psl. Each minor di-
vision represents 0.5 psi. One major division on the deflection axis
represents 0,10 inches. Each minor division represents 0.0l inches.
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STRAIN TEST

CURVE PRESSURE DEFLECTIO

NO, CODE PANEL (PIGIRE) _(PSI)
1 PD=2 USY 7475 17 20,46
20.46

20.46

‘ Righ
Holes in panel for Type III Installation (11/64* diameter)

water around fuel cell fitting.
2 P-3 USVATS 18 20 .46
20.46
20,46
3 PD=10 USV 747 5 19 20,56
20,56

20,56
Type I Installation,

b PD-11 USV 747 5 20 20,66
20,66
20,56

INITIAL
PERMANENT
CHES SET®
«033 Center
Left
t
Leakage of
«038 Right
cmo;-
Left
«093 Center «105
Left «010
Right +065
138 Center 033
Left 016
Right <150

Silicone jelly applied to hat sections to allow more freedom of motion.

Type I Installation.

# Distance from end of initial deflection to end of return trece.
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T Cont
PRESS URE DEFLECTION TRIALS

ELADDER CELL ~ 8 INCH SPAN

STRESS  MAXIMUM

STRAIN TEST INITIAL
CURVE PRESSURE DEFLECTION PERMANENT
NO, CODE  PANEL (FIGURE) (PsI) ( INCHES) SET*
5 PD=52 USV CR 88 21 30.7 .180 «270

Panel pulled from end fastenings.

6 PD-53 USV CR 88 22 31.7 .286 «273
Panel pulled from end fastenings.

7 PD=50 USV 33 23 30.6 «203 o$27
Panel .pulled from end fastenings.

8 PD=-51 USV 33 24 32,1 «298 267
Panel pulled from end fastenings.

9 PD-55 USV CR 88 25 274 «193 «310
2" spacing on end hat sections,

10 PD=54 USV 33 26 29.1 +203 «305
2% spacing on end hat sections.

# Distance from end of initial deflection to end of return trace.
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TABLE 0
PRESSURE DEFLECTION TRIALS

BLADDER C =6 H SP

STRESS  MAXIMUM
STRAIN TEST INITIAL
CURVE PRESSURE = DEFLECTION PERMANENT

NO, CODE PANEL (FIGURE) (PsI) ( INCHES) SET#*

11 PD=lfp USV 747 5 27 20.46 <055 «028
5/32" hole adopted for all test panels,**

12 PD-6 USV CR 88 27 20.46 124, «030
Panel pulled from end fastenings.

13 PD-5 USV 55A 27 20.66 117 <098
Panel pulled from end fastenings,

L PD=9 USV 33 28 20.56 133 090
Panel pulled from end fastenings.

15 PD-8 S 2N 28 20,66 «328 o153

16 PD-7 S 3N 27 20.66 o204, . 095

SELF-SEALING CELL = 6 INCH SPAN

17 PD=14 USV 74,7 5 29 33.26 070 073
Panel pulled from end fastenings.

18 PD=-17 USV CR 88 30 35.46 .160 065
Panel pulled from end fastenings.

19 PD=16 USV 554 29 35.46 «100 068
Panel pulled from end fastenings.

20  PD-15 USV 33 29 34.86 «190 .080
Panel pulled from end fastenings.

2 PD-18 S N 30 35.06 «250 .085

# Distance from end of initial deflection to end of return trace.
#* This means all panels coded PD-l or higher used 5/32" mounting
hOI.Bo
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28

29

31

TABLE IV (Cont,)

PRESSURE DEFLECTION TRIALS

BLADDER CELL -~ 8 INCH SPAN

STRESS  MAXIMUM

STRAIN TEST INITIAL

CURVE PRESSURE DEFLECTION PERMANENT
CODE PANEL (FIGURE) (PsI) (INCHES) SET#
PD-38 USV 747 5 . il 33.7 .100 323
Panel pulled from end fastenings.
PD=39 USV CR 88 32 31.3 355 «180
Panel pulled from end fastenings.
Panel pulled from end fastenings.
PD-41 USV 33 34 29.3 27 <167

Panel pulled from end fastenings,
PD=4,2 S 2N 35 26.0 o453 «290
Panel pulled from end fastenings.

SELF=SEALING CELL - 8 INCH SPAN

PD=19 USV 747 5 36 38.26 «083 .088
Water leakage from fuel cell, which started to pull out progressively
from fitting at front. Panel pulled from end fastenings.

PD-21 USV CR 88 37 32.36 297 148
Panel pulled from end fastenings.
PD=-20 USV 55A 36 34.76 160 «065
Panel pulled from end fastenings.
PD=23 USV 33 38 33.96 «205 .068
Panel pulled from end fastenings,
PD=22 S 2N 39 3446 «300 <327

Panel pulled from end fastenings.

¥ Distance from end of initial deflection to end of retumn trace.
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32

33

34

35

38

39

TABLE IV (Comt
PRESSURE DEFLECTION TRIALS

BLADDER CELL - 10 INCH SPAN

STRESS MAXIMUM

STRAIN TEST INITIAL

CURVE PRESSIRE DEFLECTION PERMANENT
CODE PANEL (FPIGIRE) (PsI) (INC HES) SET#*
PD=43 USV 747 5 Lo 29,0 227 «410
Panel pulled fron end fastenings.
PD-lJ, USV CR 88 4 28,3 «353 o6l
Panel pulled from end fastenings,
PD=45 USV 55A 42 28.5 <323 «320
Panel pulled from end fastenings.
PD-46 USV 33 43 217 371 .511
Panel pulled from end fastenings,
PD~47 S 2N bl 25.3 565 <385
Right end of panel pulled from end fastenings.

SELF=-SEALING CELL - 10 INCH SPAN

PD=2l, USV 747 5 45 31.96 «130 «187
Some delamination; panel pulled from end fastenings.
PD=-26 USV CR 88 46 346 +283 «269
Panel pulled from end fastenings.
PD=25 USV 55A 47 33.96 «256 «169
Panel pulled from end fastenings; delamination; shear characteristics.
PD=27 USV 33 L8 3546 430 o247
Delamination; panel pulled from end fastenings.
PD=-28 S 2N 49 33.76 o484 425

Delamination; panel pulled from end fastenings.

¥ Distance from end of initial deflection to end of return trace,
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TABLE IV

PRESSIRE DEFLECTION TRIALS
CELL - H _SPAN
STRESS MAXIMUM
STRAIN TEST INITIAL
CWRVE PRESSURE DEFLECTION PERMANENT
NO. CODE PANEL (FIGURE) (PSI) (INCHES) SET#*
L2 PD=34 USV 747 5 50 35.0 «307 +604
Panel pulled from end fastenings.
b3 PD=49 USV 747 5 51 12.7 o265 «560
Panel pulled from end fastenings. Demonstrated for WADC.
INN PD=35 USV CR 88 52 33.6 132 oTh3

Panel pulled from end fastenings.

end positions.
45 PD-36 USV 554

A violent shearing action parted the left third of panel.

53

Fuel cell completely filled the

13.5 o453

arm was displaced and recorder shut off. Panel pulled from end

fastenings,
W6 PD-37 USV 33

Sk

Panel pulled from end fastenings.
at front of fitting, causing loss of pressure.

47 PD-48 S 2N

55

Panel pulled from end fastenings.

26,7 o470

Bladder cell developed severe tear

27.3 b95

SELF-SEALING CELL - 12 INCH SPAN

W8  PD=29 USV 747 5

56

33.76 o247

Delamination; panel pulled from end fastenings.

&9 PD=30 USV CR 88

57

32.26 «185

Delamination; panel pulled from end fastenings.

50 PD=31 USV 55A

58

30.46 363

Violent shearing action; pulled from end fastenings.

51 PD-32 USV 33

59

32,76 «400

Severe delamination; pulled from end fastenings.

52 PD-33 S M
Pulled from end fastenings.

60

30026 0666

Sensing

617

675

«525

«515

.808

o451

469

#Distance from end of initial deflection to end of return trace.
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TABLE IV (Copt.) J
PRESSURE DEFLECTION TRIALS

BLADDER CELL - 8 INCH SPAN

STRESS MAXTMUM

STRAIN TEST INITIAL

CURVE PRESSIRE DEFLECTION  PERMANENT
NO. CODE PANEL (PIGURE) _(PsI) (INCHES) SET*
53 PD=56 USV 747 5 61 32.26 135 .168

Panel pulled from end fastenings.

5l PD=57 USV 747 5 62 33.16 185 <140
Panel pulled from end fastenings.

55 PD-58 USV 747 5 63 31.96 <127 o172
Panel pulled from end fastenings.

56 PD=-59 WSV 747 5 6l 3446 +150 177
Panel pulled from end fastenings.

57 PD=60 USV 747 5 65 33.76 133 <196
Panel pulled from end fastenings.

58 PD-61 USV 747 5 66 35.96 152 «228
Panel pulled from end fastenings.

59 PD-62 USV 747 5 67 37.76 156 .218
Panel pulled from end fastenings.

0 P& Usv W7 5 68 M6 153 .202
Panel pulled from end fastenings.

¥ Distance from end of initial deflection to end of return trace.

WADC TR 54=474 Pt 2 -3 -



XROTILOoFTT14d494q

|
i
}
P
T
A’T
I
|
(T
AY[
T
IRARE]
T
‘\
BN
il
V’!
H:‘IlI
#A
L] i
IBERDR RN
+
1=
)l
|
A .
 Neah v
A RELNIRE
A
X
et
X
RN
)
1
I‘
]
N
=ali\Yg

MO
T
NS

] i'
EERE

——— -
N
11
N
]
.
1

+
|

i
-+
i

10N . ‘ 114 1 ?*
TVINL Hod BEE T

T

b

.

T

|

3
' ™
e
]

SIAUND NOILITIIAQ “UNSSTUd [T

T
T
1

LT B1d

ARSI 20 g an o 4n 2

[,
p—

~
e o

L

I
Ty
++
= it + 4
b b menm
1
v

T
1 J‘
+-
!
i
|
i
JT
o
i
l—L'—,_.
In

e bl

NN
L

a
AR
%
|
L
T

!

R

l

1

e

T H

T
SIRNPUNN SO

B A RCR S IR

” T
:
. i !
- b b = !
s 4 . N
I B i B W
S 11
— ——1 :
i .
TS oy 8 8 S A Coop
A GRS W g ] T
S S B [
v
AR Sy by
A ; :
H;wlql.r»r ¥ D .
T [ v —
= PR
- oy Pl
+ : w
: pe i r
g
i 4 t
i 7 TR
1
va +

00}

LOAD
36

WADC TR 54-474 Pt 2



NOIlosTJdxa

3

z "ON - 5

TVIYL ¥od <+ T

SEAUND NOILOWISAQ SMMiSSTMd T 0 o

|

t

|

|

|
T+

BB

B

11

B

!

]

i

1
vt

Pt

i

=t

J

|

!

L

5T ZumId EESESE

T
|
I
.
ML
7
MR
-
ot
-y
+t
)IJ
TTTT
B iR AR e e

1
|

L e e e b
11 O U [ [y e Ay S
‘ ' STV E s
T I 8 0N 5 0 O A O O O N g I L S S e
oL MH-TPWHHVVRW% 1 wi‘l‘ AR R e e iaEsss AR SCk SNY:
SR s 5 T O o e B 5 ‘ R R R R el e e e e SR S i
e haany § SESSESRIRANNRES RERE ‘TTmﬁr A il .wa, s
anted - 4 H . RIS ’ 1
e e snas e s s SERER SN EE SRR RSN Ns S s aass SUNISS ST &
RS S es e PR SR Nl FUSR R RS RE S S E. prpbitie
1 P L e -~ e EL A
N T [ & [ TR SR ot t ,* - ,\w1f|H1L TR .
o ik CIT S1OTET zﬁﬂf ESERARESE TWnJWI.T B e S O
SaEs==s S P ] e e
e S S : i mﬂt B e e e SR EREC o e &)
I SRR nlnnd St s s Sl off foriivm ay e o S ‘
SEAiSsEs R e e eamasaies W aBl
— i SN DU SO O S e ! T < T
o R IRNREECaaE N Recctas SREnnssor INNy
o e e e
- ——— A14|yy_~i [T A T . ALi\ R H M + + 4 e + !
oo { . ERESE 1 I AT
e i o A O S s v et B SERNE ISR
Saseaiess PR e H A
LILTHhWH 1] . vy b LAf R e AR EEE '
i : . foo-b s A S ce e doa [ SR +
e o S SRE R Sk i I o SR N Sn SR s ‘o in i b I BN T ,
b+ e -] [ A ‘w‘u\ﬁl“j T AT B SR ol I S e B4 T
A L 0 ot s e ;L.\Lra,»wv.\w\,_, PAEES R L & il =t :
T ” RS NSRS T e Snganny. i S En R Ry, ARNED SRR R Qlwiﬁﬁ*j = vt S S 5 i
b -1 .TV—I«ITTI —+4 4 ‘_‘4!»4&l\4\w“,[0.4 + VAJM ,ﬁiw -1 .\ PR 4,varA . 4t »rl‘i.‘N*ww»U. i w 41 "
Sepmesess=cecic e e T T e e
e m e P ] SEA T e R SEBESEmEoEE
- B L it e o e ] b o o U 0 . o G e B O R B ;7&%m T T
= -} S R0 A O —+ -ty J3 010K fu‘lm IR 3N AE d ] T IR N1
L T T 7,418 o R U BV 8 S L0 U O 0 G s o i i .
Flbbe e e A AT S SEERSEnS PanSy BS!
et T gy ipmn b SRSl S i (1 s st da: - .
T i < T DO N AU DU R A A
SERES Txvl T 3 D o | M‘#‘mll HWMXIH‘ »%T“T 1 7 1
B N O EE A0 SUBURENTE VD S il 1 S e 1
—i— C1 ] - \-oAvJthgr; pgs [ + +—4—1
] T 1 1 [ 11
+ 4 —
] - - EgnEpy: T i -

L OAD (psI)
7

WADC TR 54-474 Pt 2



NOILOJDITATQ

—— L
T O ot bbby ] o,.lrLIATHL,lT —4 T 17 ']
. B R B It T St T SERSY JEREES SRS S S I SR S +—4 —
S S T 1
b 1 1 t
T T T N t .
[ . lﬂ A0 s RSt B S [ S
T ¥ ! ! f 1
AN + 1 —1tt- t—t+—+ bt et il sas mal et dabd
€ *ON - e s . 1
—+- t + = b= v + + —+—t i 4
- ; e T Ik SRR ST SEEE DS S . ]
Y ERIGEIED D SN AT IS H D SN S S . g
T pR:AS ¥od B R B T o i e T e S B e i Tt o . S i +
e ,.J..» : ' [, t <,¢\4‘?‘k|.l|.vu,4>w,¢,
o e e e e T [ RPN S
- i . DA SOED S 5 G il s

STA¥ND NOILOHTJIRA FYNSSHUL p

8T TWEId ;-

nJ"Tr'.... R -
T
U DN PR -
HWL.IZ — - [ .
e e — e e -
- -1 e bob—es e

rl#flr
— - lu.Tr ~
-+ — - -
SR SRR

(ORI S SRR

L

—— e ==

L
[P S,

e
lwm‘ S
g . ;

[ G et
b— »TTT.rull :
. %‘Yr-l, i

| ——

S ——
- —r '
O G TTrL
DR BENEY ANV .4
.

AR —— O

LOAD (PSI)

WADC TR 54474 Pt 2



NOIlOoETT4dd3a

[~
7 °*ON
TVI™¥L ¥0d ] - 7 1 1]
_ S ‘ .
-+
SIAYND NOILIFIJIAQ FUNSSHUL = = - T 41
T - [ 1~
[T A = i - e
x N S S EEERE R e = 1 177
0¢ aWOId o 4 ot e i1 e
- R D00 o b o s W T
: b wT‘N.rL.TYI+\\N JEnS " 1 g 3
] [ — PP 4 e —+— bt b
it - ﬁ ﬁ + m & errl\WT -1 1 T + ]
SEREE BER R R e e L]
. i 2 O T o g T =: i O¢]
e e S e S S I AT »J.o_vﬁTT - »01~l -4 4 ‘ﬁ b + -
.y .Wml{,flﬂﬁﬂﬁq{i Prbins eIt Tz N
44 .- — B DGR S T A S B SR A
[\?H» L D Amnamn e I S S S e 4 —3 Tvlrumn .
- 4o - — s - o 4 - o . - s
ENERE AN A w‘Llr . BEDIDERIN G B o LEDURES S R K
- P : e i S . [ T 0 ke e :
MRS rae i MR SN [ SN o QIRRIET Y 1T [P o P
5 ﬁ*, - f— PERGIMGENED S ) GINNESEY SEMDG S == oS U URUDEE S5 ) TREDEREE HEEIEENE SN Ly P
$ 1 w } H A [ GRS S S ; W . \b\fm J [EEER B B SR S Ly PN
—— [ ——+ me|,|+lwll+IJ| —t e | TR - R R T I e 4 -+
M — P DA S P PRI AU By TR YA EDENGIDED SN SN SN SN it I 1
. r I JI.fHLTW . Fmb v r - WI‘TIT$‘ IR N G S NSNS RO Ibe
i -+ | ERE S IR S JEYORS (RN G P [N RDAR i JJ;\J‘LHL [N
— ‘ e T R I 1 B e I B v d 4+ [T N T g A .
- -+ et e o - -——t Jaaneiiemdiy - 4 poto4e 4+ S e ey ¢,L\f —+ + 4 TI\LF\IA —hde . + - -
S Y DU SR SSRGS B S Y U SRS SIS SR = 051
[ .. ¢ T L Tl L 1204 R PN SR SDEE |
L R R e D AU S SNHDARNE B 4 PSRN, g
— .»W.v\\{[[[’l D R e e e r - A
R GNP SN S Ty
W s ! i vy o . -t B f
4 - + + 4t - - 4-4 4 "y
‘IhIT, bttt | -4 + .“IHA
- t i s e 1 s 09
SR SRR S G R 4. o I PR SREP SRR I ja - - - L:Hf
S i I U G e — - L‘hlLL L i1 + .I“ + fml* MHIW» 41@% “Hmfll LLTJ Ml -+
[ + N AU DG G Gl N B S & wT».Y?&i [ R T | et b e
+ i + S e .\#T.‘ R B m e 444 + 1 + 4 1 — 44
e — - [P RS- S U - . it - - 4 i t }
e el s b s iesers cob B e e ]
—+ M SR D [ t \.%. DO i S 13 T 1 1
+ w b ':ﬁt‘”o\?. PR SSOEDEE S RN \iﬂl JEDSY E SN . o L+ 15T N ¥ i
O S I 5 S GRS SO SO A S —] H.rﬂ ST S ! . — UN
e —— L — . ! . : L s H
+ 4 H . M R | - A, [ S S I UENDEI D SR QN B B HEM T 1
= - : AR ST S8 A L B O L SO O 4 ol 0 Shali thandisunndk AU Ul o0 o g o s S oo S ul el f ; t i
—F — A S 00 O D S 1A i : : ! pih A T N . 8 B
S : - A =t ; : = el S +HJT IR SDEh i L I
—+ L [ B i - ) + [ M »ul,v\\. HINSR DG S : ——t—+ 4 .JFlLﬁ M S 4 t — 4
+ G 4 .\TLLHIT&‘TJ.f — R - o —+-+ 4 ‘[T Jkrlw F\T 4 ] + 1 + 4
4. S RN e = i } +—} o\»LlAL ¢Jw [ S e »Hy 1+ -4 ,Tf - 14—
4 RRIN L\.,Jf#fhmmr\y 4 b H|. E RS |H —— + WL + L_F
- ¥4|»l.o - (e § 44 + b+ w lll»"lT |-+ -+ —+ . rL|H| L T e .lw +—i- e + Q
e PUDER S N 0 ; . 1 I . B |1
: RS e e b EECSRERE R 71
i S 8 e s ol e e e i ; 4 H
I DO e - B S Sd S5 T 00 01 SURGN +—+ +
D N Y — I { b 3134 ]
} XTTT ——f— H TM\. i X o .
T+t 1/ - -4t .
S 4 1 | ” —+-++ 4
e —
11
i
- 001

L O AD (PSI)
39

BADC TR 5h—474 Pt 2



ROTI1IO0%T4%a

TlTr\AI.l ! ] [ [ L TTTT7T Tl LT T T T T
-4 P ] 17 08 N S 1 0 O A
g gEEssasses
e HHEEE i T
S °"ON I O O MMHH m =
M. 1 D R . I : 11 !
TVIUL %04 R BB E e SSSSREsEescos
I 1 0 S A 0 O 0 T
D N D A O 0 A 1] I .
SIAUND NOLLOMI4R0 FUNSSTId SSEs=agssst] Mm%,mmmmmmmﬂm T
— —t+—t— 13— - —1 —t—4 - 4 4 tTH+t+-+4—4+4-+ - S A 4 = —3 - 4t -+
Hwﬁﬁwmhpuli‘# - ‘ﬁ!x ﬁ EAEERS flﬁ yuw Lrid h@ B H;W E53 Twu_ ESus
Pttt EE e R S T e e e e Sl i s o s e o o O ot e
¢ MNOId + ;WHMHMMH\*H o o 0 o B el o O HLTQ EES B! Wuﬂ+ TR 1.1.%
i ‘uw.ifzwuminhUwa?ﬁwuujl fannnandgl SOEEREEEEE TS SES Sy Sl R R
H thtﬁuw o i e O 111!1(4 il S SRR RS TS
I RS RS R SRR S RRNARY it T e o o S B SEsAnnaS HREENBSESSTe T oy Sp g
HE T S e e SSHEHEE
SRR RS RS S S SRR e - fwmuw S 1 i prc e il ;Lfi% 1+
t+ Emad i e B g SR f. T A - ol N ime ; ryiirtee: ..L» RIS Shaly By -
H xlklwﬁxﬁlidrv?:w.¢ FS Ll*]l.;\l [[f WJL - .w‘. i.‘\.g‘hw, : ;,A._u.,ﬂ 1H‘ww -1
e o i T y-sfm:w-«. ++Wv\ - i 5= i v i e O AR I B SN R R 11t op
[ TR S SV I . i ey P 444 J Rk S S U N S 0 O 41400 | N TS yoa . S I
[ S = -ttt g R e 4+ 41 ] 4] i1 by 4o a g \HH‘\LJW A
. Hm hﬂﬂfﬁﬁﬂﬂ i‘ﬁ IR o HL;,FIHJHJUHHHHIMW%w‘ I “:; ;:f Lt,fw ﬂ%ﬂw@ tw‘
- IHHW, Terpr A rr s Lﬂ T I R R IR w I M SRR . M N RE ﬂf I e
T I Ty L ;ﬁ wf ‘mﬁnwu TR i M IRRSES] SRS ERREREER RS SRR RN -
o n_vL S Sl - b4 14—t - - S -+ e e Sy -+t - t-4 41 S S e ¢ ‘ot t + ot ,T.rbadﬁ
|L~..Mf.r 74» r+1\ﬁnl —4 {1 4 A —M\ 1 ] r.fwh A S (O G N S R A + t ».mh vw_‘.l%a..*v' 1Lk“+ﬁ.*l CEEI HOAmA
Croy b i H t\ﬁi, o Ea e e IouRE S S L ik SRR IEEE S RIS
R e P A AT P R P i e rH i e H g+ SR eESSSEEE o8 BRSNS EEEESS
M*Hrvj_‘ll g L] [N[‘ ’ -4 I- - L 1+ -+ L T L. L] — s 4#4%5‘ BERGDEN .+.*_r - sebod sl
TI_FH o AT il e S rennEadd S nn s T It MJ T e I B R T
R s o o S e ——i 4 - . ——— — L - S . — 41 J_ - - - - — + 4 413 e 4+ - R B L T S Qv 4
e A e e e T T e R L
1 . . 1 r P ET -4t r 11— Mt = hw ,4 ‘T : -4 irt L, ,? * —t T Moy fwlTNf¢ ]
EH AL ﬂlﬁ FCEE PR PR 3 i T TM##L ISSRE ..WWUMNU [ R s
1 Inw g ¢ il bt i shgtay S N S el M RS s ey e seleeba
o . o= imﬂwﬂnu i ﬁmu IITITtT wf,wlr,# H,IJH :ﬁﬁﬁmui;g it A‘J. f»wmi M Lﬂnﬂmmwwmww RS are
=t A e e D e e D R e e SSSSSRESH
- A7 SEnE RS SR jRESES S S SR e IS ERSERSES S Wﬂw EEECE PaET =
+— 4 ' S B - S . 4= ot 4 - -4 4 ERNR T SEN S UG W S S A ‘V»Hvll.l.».l\&v‘ ]
- ; emmam If,TFy, BT - i wwr,%w[ SRR ﬁL,.WMWﬁ.T)IJ; 1+ AMWTLMU‘KI 1
7 0 0 i W - e e a3 rrne %NL IS SEasnEs seeghdasie
7 - ﬁwr xi#T.u”Wr B o e Lmi.ﬁ 1 Tf, ———— T e
I SN0 I O B B _ xr. - JANE R Q) A () N 00 O Jan| m — 1t L] ﬁil Tﬁ B 0 A S R ¥ R SN .ll]l”ﬁ.
o S U 0 I 1 - R 11 o 3
B o o e e 8 RS i G 0 e i e - ] e e eaawe
I3 : R
7 I . , - TYTTr ] RS mah s
) | - 11 = ] %l»l.,
- 06
001

L OAD (PsI)
40

WADG TR 54=474 Pt 2



NOIIOXTJIACQ

9 °ON

TYTEL ¥4

SHAEND NOILOAIIRA IUNSSHHd

111[1
m——————— [ 1] B T T 1T 1
[ C ) & F T
|+ 411 T I
- L] .
=S H R
Sgpm L 1T
+—4+—+—+ v+xnll+ 1] u,l»lrl.‘
- 0 A S G e
SEE e
B ol G g S b b
& o ERE e
= 4t IWL = W ORI
T3 .Hw“‘m.ﬁ IR
D T W B Ny
T iLw; RESEy
puasugEdusnlSHN _
5 el e G SR O tr+y i -
1 Ig mlugjw.,‘ ,QmA
A5 SRR U A S 0 S 0 S0 e i H 00 5 AP e Ribep oy Mol
+ . +ﬂLf = r [ A GV G 0 s S
Fetr e e
. : b 6 A DA 5 50 A8
e R SSesEegaia
.

L
|

i

i

T

18!

H
it
Hir

T

T

|

1

i
FH
i
prtds

LOAD (PSI)
41

WADC TR 54~474 Pt 2



NOTIlo¥Tag9a

i g e H ] 1 T 1 T T T o‘
L *ON - - A O e 0 1] .
na 0 D O O A D 100 0 0 0 A R
TVIYL ¥od ] B o e 0 O A e B +OH
SFAAUND NOTIWII9Q FUNSSTUd - TH T TR AT T e ==
5 - Il g = 1T 4+ -
I HHHE T Tt # - H H L:urﬁ I
= -+ + -+ o+ vttt t+++++-+++ +-+4 L‘TF,#. 5
Tz ST 8 Ay W G 0 IR R=ps w w ! THH T e w.‘PQWTONJ
Z NMII rttr ﬁ\rlrnr =+t L Bl s S Sy G O I S ‘ ,.r - I:WWMIT . IIT%‘ 2 H MTH» ?Mﬁ&.lf; :
[ I I ] -+ TIHJHIMH"Y - ien et ot D s SR SRR S S S SRR S - -4 - o Iy VHN - + ‘,vl‘v | 17117 iy rh 3
q [ 1 -t T 1] TIITTrIT T \.Ihvlf L4 - l.llvMAL - JRCS e \HIIL«\‘H%HIP s
‘f L 1 1 - - | -+ + -+ b4 xﬂv.l N !
N 5 0 0 3 O L O A o B R t 1 - + 1- + 4 [RONEPEDEREY 15 S54RSS s i ‘H#\+‘H.+o+$.
ITrrrs ~+++++4+ 4 T ﬁ S A O 0 s o o i 6 A I o S S Ay ikt e S E R rTLitizs
7 0 A A T T I e ShESdnadil SRS ERUEE SRR R IR RS a .
s 7 T T T - . L R
N T Bk -1- + 4 MG NS a1 rrrt et [ o o S AP ISP O AR G . —F+++ = *
4 2 S A Tﬁ - — i et : o B0 O O B S Tttt * + tov - -t } L*ﬁ g
o e T L PR s e L - g t=s SERRSR SRS SR RRER” S~
SSREspei=d - : 1T i - P 15 NGB SN SR b gl v
1 o SR 2 2R R T naissSEens SRt e R e E RS R R R E e
e seassNEIR sl IRSRARRaT] S gslasads SgSESSERSS S SR aE PSSR SRR FEE Y RN RS RS
Enfdgds el SRR R R RS § 11 By 1 A SPOTRI T DA Sl b B g ot o=
EREa: a SESE <t - N ek IIHII i ‘:ﬁ?lil”:kf P
b T A3 s s e T e e e o]
Hu\wm Tt - 1‘?M AT‘IH:MIMIW‘IV% g j “lhw..ww‘ RS R R EhaSwnd il
-+ -+ P11 -+ 1 T t M".,W“M.»M B by ‘MJQ. PGS RN
SERRN==sas EEEER (e S SRR e fas s ance SEREESSRRES L SRR B
SRR Rt R e R RS sr: fEieR R o S iRl o s o o Sl S 5 % i o SRS RRNTS EERRES ST Bl e s
lTr,‘m rw FIIITIr I tA L MRS i @ e i Jatbalb o B 0 T G o e 8 4 I+M+Hr++ I w www . .wm ' ”r“ N HH . Hu.wrft\fuvltﬂi
111 -1 o+ t- . - M * —— + t ] S — il ] u\ovLoLm
L1 vhv‘m : Lt S Soahal S el S ol o i g Al 0 0t O Qu & HHMIT»IYMLV - ‘l_v‘.wLw 1 H B w Tt T4 H [ ENOPED QR %i i A
S D R SRR —t ot +- G U I S T IR ”MT%\H‘ - : 1,00 : H+ 1o ! bt
Iﬁuﬁ*\l g N S L O B v% ﬁ!f, I gl oyl M t i DR SRS (b dbant i (D UGS Sl shababet
! A e 0 0 N G VD G 0 0 A O A ) B S O A BN S S T R SPEDENE S S
S JEEESSES | e Sam S g it W ISESRES SR RS S EEET B s SRR SR
e T ISRl S S S aa il S S SeE R SO PETRE SR PRSI S e B iies st i B
i — ; : ; " - : el sl s RERE IBER SRR T ENGS S idrgbi rT,lLl;#uLwT_ I~
ol o Y A v/ , S ke e s e [N L. HESEE MG SR [ " - :
e s Lam=s sa b SR S SRS S St ST RS =SS S Er S S S5 SEREENEREE FEECEREREN SECRaRRTES =03
Frfrs=t s B B SRRy S fodiull duall th nh Shidoh dhArngbab e S i el a o : H I e s el udinl Shad el a aa s
- vﬂ..l%- g apr=td ISSSIRNES SRS cast Bl sERETETINE sesmaast ol FERRARSIEH ES S SR SRS Sadeeanml Sus S
53 SRSEESERE S PSS ey guphalSits Snaa s e EEl EEBEEESREE S EEEEE S R te e e s o e S serwa
Sy a=a: S EESS Skl SRS SR ESRaS Seea RSy fuseaSSod | SEEESSIEES ERTESE Euns Bt S RnS=EEEEESEe
EEE T EGine St b Al M (Sdbiao soubandiul harabdivsas gis « 1 T % I ESEREEEER TR BEY e BTN G e 1 S By W I s B 0 i
T ; i e e . gt b T T e
T A Eenaas 1Rt Sedasasb il Sent S iN sl C s oS Rt SRR ERE EEREREEE T —————0f
[T 17 By Sl S5 G O O ThT IR b -1 41 reiiiioritirt Prrt b N i inahas g
IIT P4 FEE R R 5 S Ik vl e - “m‘ll S e i SR Thitirhy g s SEE Jﬁw#f.Hﬁxl.#hﬂh@ﬁ
T T e 'H?,* R R S e R R e s SRR S R B = AR R A Rl RS S e as e e
: - ch O T R e e e T Tt T e H%ir# g2 I et
-+ g o 1 oy O S A i TR o B 5 g el abn il AL b IbaD S il g sk S I i e S
b +—4 [ S T (N U O A GO 4 - : ] SEraEDRRGS S S SRR 4 Frigrt ! : - ,
&t .ﬁw : N*W sy *.%T. wm¢_ fﬂww‘ P D ‘W¢w714w‘ Www%‘..i +Rr .y rH, JTAX;»U‘H!TM‘I»‘.\vJvI.F‘>4PI+¢LLl
+ -+ $-f - t + Fbb bt ¢ e b ok beaoa b 4o L L L e . . , H ' e = + OQL
I I!J‘Ht;f Aﬁwf‘w B SO E) IR 0 S OSSN ARab SIS S gbah I St 1 N I 0 I e s Svem ,w_
' EES E eSS e NSRRI e f+ﬁT¢ T R T TR RS SR DERR T S S o I S i H
8 i TM«M TrIbodr gy e Pt p b or—— v s« e b b g s e Lo T IR : 7 13
[ B Bt H oot S EE R i it T, T N S G NG G 4 + i T
Lrrrt ﬁ* N t-t ﬁr —+ BRI G S it tadnlh s i o T S 1 + 411 1 1 } 1H.T1
e ™t 1T M M 4+ —t— W.WTHJ.W\ A“. w! L1 T <1r\ﬂl»+|¢’Yﬂ‘+s¢‘v F+ TR e _M w T J m\» 4
; ; SR Ringss ISSY S Rl nn: SRR el S i S T -+
T T W«TTv I P - + + " ; |
o o A O o S G L s 20 0 s t I
I i1 tit1rr —+— - -4t 4 -
e o e e + i
J S T A o {1 O N O 0 O A O LTI rT [ ]
R ] Trw‘ . AH_MM m ‘i P e RNl B S=a
0 B e A 0 8 [T RUDES O A o o oy A el T
0 G FHH P ,ﬁl T -

LOAD (PSI)

42

WADC TR 54-474



NOTIlo¥®T43aq

T T T TTT T T T
T [TI - uyT *HH‘HT M“ + 74r+ﬁ11 .HH I+H ;4]!%[11,[1
= B M SR ot S VH.* Lri‘ﬁlw = HJIT,TTAT
1t b——— Crr Ty - L LT R = ++4
. M IR o m e T X T R =
8 *ON Eeass S st SSesEr S Saal euss
+—+ HEE SR Ak e S G R et S e S [} - +
— i!f! [ttt L ot . s b e +-1 P i1 1-1
[ SR D I S S %;,fJ.;i.«L.ArY?LiLv*l\‘ ¥ ﬂwﬁﬂe;‘. .
SE é 4 R D RSt alrE ot N Rl S S s + “ } .‘M‘H + o+ +
| } DI s e AL R P AR A —tt - - H. tt it 4
Tt e e ey e R S o Aﬁy i w Foyo4 i % +
| Dk et Dy SEp SN . LR - +- + 4 + Lo 2 -
MO NOTIORIIAQ FUNSSTUJ R ERs St FR RS SnE CeEa SR= e S N AR R R BRN S} s
é DO Stk Sl SN NI e s, e S oty -1t 4 [ A NS S e T S
3 e gy ,vf.l+it?4l+!.+lulr+» +— ﬂ + I e S DDA —
-4+ MMM I T T LR R *~w N e o TG I 0[;
TR SN 4 FERE S D ey RPN B “.«“;o\f«;&.i‘ 4+ 4
0.*L¢"‘\+iv4o?.‘va‘ R T ST *.,.‘.<44ér¢v¢!+.\+vf1
DR i i T T Y T P RS A S MR SRy ey S P
%Z Funoia EesnRRRRl SRR SRR FEESa R Rl FREERR RS SRR E e
B i ek s T T LS i MR A SN SRS PO DA Shan (0 SRR ABdoanen
B e i e o= GG NN PRI R .t*‘w.&ﬁ?‘l{.i.x -
H + + ~1 + + 44 4 — 4 4 L S SN toe o 4 MR S S P
lf.ﬂ +—+ + Hr4r\+ - St I8 SN + . IR T N
s wl..f«.br,TT Av‘ﬁlw{l..vijlrlwl Alwl_ +1MMIN‘$ 3 Lrve s vy SEEE MR D i e e e
e 1 . : L [ [ ¢ Sy 4 g bt EEBE N B B S S B S = v g BEm AR
S s S e e ] Ry S S e eeanaEhE A ENEELE Ee 'Ivmm
= 13 : T Tttt HI DN hT - - [T _ - =1 + 4 LR T S VRN D O T S Rt o
A R 1 S 0 e e jonin b gl foen wning ¢ SRR R R T R R PR SRR RS iy 3~
- . . o O T N D S S0 . - 4 — 4 MR et I R I T I SRR A I o . s 1
T AT e e e L 1101 S e NSNS SESESSEE R B REREE S T N
- — SN s - AT T T T e T - Fiit ‘ uw‘%whl,“ﬁ-wﬂ 3 EREREE ey SO SIS i
T e e e LT Tiltd TirT SLeabroip oot SERREac
T M H Lo - N - P A T RN + e A -
SSEREESRES R T e e e R T RS EE R SR N R R Bkt
“ ﬂ ““““ | = - | ﬁlcllf&lTT‘ S 17 »H “+ 4 LRI DR TS SERN TT+J.1%14]T¢‘ —-—
. - S [ ; S _ - PO _ - DRSS e e ]
1t SRaS e, e R A e e SN DRSPS R BT IS S
11 TE \X ‘ ] LI#IWﬁJv RN Flod ; - A P A N TM‘Y'LLL» b+ e g o ]
- ] S e e, S G Sy N - 4——4 - [ . e . LR SIS S S R S
i BuuSl o o S 0 e Faotrrrt ot P S S LA PO SRR R NI Shghadvah sl SN e avabas,
S ] T M m%ilf 1 Ianumpneny S : “,‘H 4T REEEREE beeee - o LT TN ‘LO.W
. H : D : H HE ».n.r. ; — + +—— — ——
— - - —4 4 - - = R N . - 4 + + EER S S [ 4
F T T SaSs O TR ned SESEIRIEES PO RRERESRE B R R i
o - p—- 4 I i - - - g - - + 4 — —d g R T SR S
Sonantmw- i I e S e e B e v i o Smims PR REEBER S HEEEE RN RS SR Ee S ERE R o
[ 17 { [ » N i ! ] 1 N - H+ [ 11 DAL G N [ IR AP S SV S N e S
e m — ¢ —+4— 1 t— e f [ J- T L1 —~ b NYT oy d i R RE St o W S S ‘ﬁlw?Llal et
It [ { VIA“ILH".[F 44 ISR R ﬁ MM tnen et I s R S B S
+ - 4 - —+-4+ + —4 H 4+ + 1 s TH‘ + e H.Hf + 3 o H»ru_r
s .r 4 +‘w +‘¢.rv1!¢!ﬁ,1. M&w!* + “H [ r,» + . 4 o ‘W¢ M o _I«owJ
" ¥ +-1 [IRER IS T I SNSRI - BRI [ DA G S et 11 Vs,
T ! P . ‘ 4t . \H\TH P “ R IR T YUY B - i T e
H H [ - - —f 4 g 431 toboe by H IR I o SN T )H +- (3 JREE SRS g E
1 ; - [ 123 - J& P d oy T RS R G o S R Ut O B ot r#l+l+,+ i
; { BN o S \rLLL;ffiﬁu.#%M¢#*;f [ IR R et
-+ A+ L3t ¢ ;
I ] h B O G G A A 4 bty w_leT) —+ b 4 4 + ———-4
- A B o 0 luwrl*‘“’ [ e R ol RRE S “I L.MAT + e e
CT T I 1= Fofotor bogede e b +-4-+ —~ 4 - wﬁ!xﬁ -1 —t 1 ——
EEEA AT S R e g e s ass e st ks 0L
+ + + Tt T ! { -
T DD BN DN I ‘ S SN R #T\ e f;li[r‘rlllril*l*. A
T3 AT+ 1 A N i e nirigr - t —+-1 B
AL ] -+ -1 S s elmrlil H [ 1=
T o ~ Z FEN T o R ]
u?’ll, hvfw - MAT$ -+ - - - .Hl 1 m t gt 4
. ﬁ#ﬁTT.‘, EHE B B e +-1-+4 44 —+-
Jb?4v - 4o .- Hl i » 1 4+ P Y
41 .vlfﬁ. EE RS S H S 4 - 1 ++ JLIWHHL
i TTI'lfAri 3 H lITfl i O
+— =3 PEMERERSDOE SRy § L . —+ 44— M3
En by § H,.IM#L[ ] b I
- ] $ -
— 4+
0 0 e e e
T -
{ ) _
: H i
IA.YJ
1 . ] }
t pEmans } 1 1
- l 1
D 11 4 I 1 - 1 I L i1 )| 8’

LOAD (ps1)

L3

WADC TR 54474 Pt 2



NOIIDATJEQ

[ R 7 w!« T T
L - - 4— -
a8 ESsmy sasal=s) SESEEARE
1 - N
6 “on iSSEE S LT e
I A - -4 D #Igll
+ + ¢ —t * 4k ] 11 -
t -+ 4 0 i lI\H U N G i 0 00 wl —+
IVIYL ¥od ; e NSRS RS e e e al SR e
- I O L 0 S ——r——t - 0 O s e N S
. : I S I 0 RE wﬂ ISP S i 1 H ne
t - -} ~ - 4 LT - F +- — g
10 NOI At - Fod ﬁ 1 i gttt Tt b PEBEDES WA LS
SaA 1OFIJAA FUNSSTUL m HHEE SRg: SRR R e =) SR 4T H
B NNy t- [N B —+ } : ] T
- N ) - N o S R G AR O RO + HERE U N |
DDA Sl A abben e s ISR [Pt eire :: . N A o 0 B R N
B Sl B REE by ol bttt b It S S oe i v R B
! P [ 1 . -+ .M H 101 r iy 4+ v s 1]
Z 9ol e , . ‘ LT i e
28 R T F———+—-0¢]
R . N M3
. N e . R M - . e eiabate
1 . Tt o L —t e
o e M T B [ TS . .. b
b .. i -t i e e s T
-+ i 4% ' G o DO
] b T T M ki
H-+- - +oe Ca - Y
-+ | RS o : - T Ot
- tot o . LRI IR
I i b . o N + - PR,
. N - o . Lol : - -
- SRS L\w\ o1 R T ) T
=y 1 R
- 4ot 144 ¢ N - S
L+ Nesnieh Hu. ¥ P o
o maseBEEEER ——— 0V
- - TIJ“H_. ....... R
thoe- ] po fh e ' TiLyEnd
i : oy o S O
ﬁlﬂ N T ‘[.fll,\‘ H»”h e J?.+4,
N v - BEDO S S S - Lot
gRERS= eSEa i AN BB
f —t b P G (D R )
ty : ! .Hﬁmw:::.. D
[ . N -y . e . v ;
1 3 A St . - fTThfw : { ! » b 1 el [ DL - B S
- ¥ I(#wUr oo — Aoy 4 h ¢ NP Lo LR ebe
+ : + . iy 4ok {4l t + + 4 oot ¢ .. L
— i v SR B o s e s i iy Se 08 R ER A v pum o SR SIUDERED IR B BN S P :
[ S —— 1 el asen e asatel Dadiib e - ke e 4 MR Lol N N PEREDES R
: b 1t 0+ 1 + —— pob e ied 4 H : : . sot
: . R e S S —d Sl 3 ]
SRS SR S L 5 (S s Tt DA N it .
; - B N —a -+ .o y |
Sf=m (o H e Ee=t=gts FESEUREREE R :
e e . s 1= ERR P N G e s
S : SpssEushey Eshunaets g el el (e S . I
+ Ihx.ltfl . et +.H N ———t N - P I N N L T
—- . PSS S A S0 S VO 4 [DSUERE f S SN O § [ i H N
Dl et s P Sy b [ ot masell Hesib b eI ST TSI : . .
$—s + i B Rk aa el Shal P hanahihg DR I P 14 .. N M
[ S S G R e e as s SRR SRR Pt [ ooi it
P e e S | - —+ R Cos
I EDER RSO SN by TN EDEI e Joe e - : .
! M 1+ e Ty e P N s NIV S R T Y . . . . .
S S B SO G IO DAy 8 3 s S QAR AR A A
+ VN SRSt ORGSR S B 4+ A=k b b e 4 1 N + o644 e -
i I -1 . L
{ 1 H ! =+ -4 O et Thnaniiit SRR T et e PV M
¢« DA | DU NGRS M ﬁ e Bt e 3 MHTTT.u Tty - iy “‘HAl M
T T T - - l . -t S : i ahahs . .
ﬁiiizygfﬁﬁﬁf?w#ﬁvar%Ji,rirnfuiwfﬁ+rf‘ ,
T . ! + RO S GO v L R I
+ rw‘fl‘ﬁii S S Y S G Y ——— MR MRS IR S IS abel e R DIt DN B S el ot
! -+ o e VATW 4 4\w‘$¢\.¢ TTrory dme e PO ;. “ 4 i . sk bod e - o i e
DU S SO M SPUD : D e s p
N \* | IR e S R ehihes e Sl S i ; e b - --a 1 et M 08
+ [ — — bt p o R St — e b P 1 ,II*AYI\f!oJll
T ) RS S S S bt 4k b+ e b B EE R 1 =
(D 0 S S S SRR SR S S S S o o O B S Eha A Rbauntly b SIS 1 . I S e
ps T o} T ro JTT T -t + —+ 44
B e il S BT E I R S R R e TR E e 3
+— PRI S i I.ITY% M H [ [ R X “ [ 2 1 D I e I 1]
T Y P TIRIE SR IR G o 4-HH = - + 941 1+
t ) et ; EEEN e m D S B R —+1-t p
i + D 1 + 4 ] ] -
+ [ ¢ . -+ [ 1
: S TF :
i J ]
t i ; 1 + 4
1 t 1 1=
1
1 T
L ) 4
1
¥

LOAD (FsI)

RADC TR 54474 Pt 2



I IRERANEAM MREREARNARANE!
T T T T WLH"T‘L
I'f T*r—— +-41 4—}«-«» 7( ’»«---4—--#;#--1-—« I—I—r**‘ + 1
t + ’L 4 y-.‘<p7‘r¢.,x+,.¢§p-<“p.<a<
s T S1 0000 MERA DR NENID0s
T laanhanienas SR +t T b+ v--—7—+ﬁa++«
{T lr 4ot At + 1t y‘+—‘v SR
4441 S ><H—r—-4r>y-§——4‘—f-9—kr-f‘ g
< i SR A o
adalns : =it < o
. i DN o
T T T g -
+ - T+ &~ o
- +t v a ~
S+ Ty
Tr i EERREEAS! § B .
! 1 IRORUBENE ] gi (=}
e e ;_rr"' ™ a5
28 AR ARRE AN ‘ = a 2
4o e A A...,..,,.f.t._‘ [+ H)
Samat - + At b+
r‘xq T T
e o SUPEDUI (U
T L "f‘T\' 5 Saetasases
T ot ‘ b ala SRR
L - o e e
488 E Ansng i MoRatRNee o
1 I:' gt F4 et [ 44— ]
4 T H—I-f--TJ,-I— I:.. ; ; bt ot e Ay - e o]
Tt —rr 1 & ﬁ»»—v—r‘.—-ﬁrrooq‘ v — —or
} . ""'T‘“ | R ST o b et e SR B W .
! il
+ ++ as amae B B
14+ H’. - REGHHIREES SHEDN VRS RS VDN DEEO M a8
41+ : ‘( R L g ie gy e - 1 Kk sl bl ma s ik I }
1 !
g . *‘r*’?"“m S . -.‘  RRARERESE
t #t—hm be T+ + - innah SRS NS + t
1 j PR ,.H.. e e o8 U Iq,: ! +
++ f—v‘ rw 4oy f«»va—rﬂ‘ ++ 1 1 ?
) ESERSIeRrA tohats (ABd soves ety !
4L 4'-,-7.. b ,,4—4‘0‘ IR e »—L 4 T
¥ ¥ M+'-yr1 ~flﬁ+~$—$ 4t s SRS nh ‘;1 T
’ + -t * N Lan T
1 Jeaiaea ROSSEEN NG VNE Gl bt
[ | orn 8 b Bl T
17 T“'_"tv; +-t ‘T‘ t ﬁv ol Bl Tt
i pend ~ 4+ T ey R -t a
t i,HJL {IT I Raas 1§ RUSRERERES BRGHE
+ b SN 1 U A S +
RN B80S FRRSUPORE) B2 T RUNE I KNSRI ORI LN
IR SRR EDRREEN T T T T B
i ot ] XY AN ERRSEENE MAE ]
ST N ; IR IBRDES T
‘ - I:Q—"—&‘—f*Lﬁ-ﬂ Fer—1r ‘ﬁ “‘y“'f‘“f<~ rf 1 1
+ | mmea Emeaman ———t 1 + +— +
ML - ; 4= .;,..,_, -t + -‘*H‘f‘,—-*’»—q ,I ‘;‘ ot 4
“ T - ﬁ“”‘" T e — e X
N » — $- <0-f---70—7—r—‘-v’—q~ S DU NN Y S
SRR “t ‘;T - -I—I’I—--I;—vﬁ—o»-r +1—f»~~é S . + *.TT_T + ]T% 1
iinnad il RR f—f - R AR s H#*—*—+—¢—v—— R e R 1, 1}‘ + +
-+ i+ i F R R B e e R e e el e SRR bt + + -t
}? kt‘ ;I.‘ -yf—k¢”4+».4 Frr b e i | SIS T 1 T i I
T Hrby b TS RPN S E S e s ‘A‘ ““ : Il! ' l I
T T T—L v L+.r+_r,_4, L " Sy [ P ’ SESEBED : 1 +
et iy + + = o
ATT_% Sl S o S B IR ET SR e punepun SN I (SRR SN u I . ; ,I I
Lt e R o e e e === WU, DENIININ ENPINI B!
gy et e IR W R :
pte prtp— b gt +
T‘I bt -»ﬁ-rf#.“—r-r‘—« JEVSNDSSE VDU SN + 1
i maei T e B e et I 4 N —
e e e e e e e i MR HH
t++ —r D R RPN § 1 N 5‘ frbebet 1
I ONSY SAERSS0UND SRS IN: BRSNS '
INETDE D DR SIS SRR B IBRENE
-+ ek b 4 bt e + —— - + % -t
bbbt B O S S St i PRSUUR ey - IERERAE!
i i + — O T T T T S T OO SR . et b
S +t ' M * T 1 t 4
‘1‘ >+4‘—:¢4+-T+++-¢ ‘»Qtfowﬁo—‘v< T T N TIPSO PN T - "‘l % | + [‘%
T+ T+ [t ad AR IR BRI [N Y Pooram e o f eyt n % +
i e R B A .. [ PUSGITE (A S H { I ' Ll 4+
S e B S TR R TR T T TR RPN [N N S e o ! !
?ix ‘L:I_Lyf* [ P U TGV O SN [ICIr PO W S . . . - TYVT
T 1 Yff*** R R R S e Rl S S IRIPIPIRY S ey D 1 4 :I‘ IT'
i OV G U O PP SRR (PO S B SN, I . it ,
1 XY ¢ =1 Ir$ . ' *A T . T T
- =t -+ +
4+ H ] l SRESHONEE BTOEDIGENN SOUINIDIN DERDININEE | DI R e \ {'%
b L R R T n Ny e | PRNAREN Poaan HERNE!
4yt fhdoaged sty HT"”‘ JUNUPUNURIN S T"**"L TSI B r;'” T+t ;
iL» "“*TT* I AU S e R ) »«HT»H—L‘.._,. | NN 1 ‘
! o T R byt ‘ SENNEEEENE
| +4-4- 7;“ 4 ,Lq»,‘-*bwu,... .M,fu* ’“’H*"*H . ﬁ ; T
+-- o 4 " et S TR .- - . -
-+ Tt EE + 4 },? I"T}HT L: : L r—q—-y-rﬂ bttt SEESEERS T%
t T F»I{» +1 ++ RS R *‘T"’"*‘ ..¢-+-p—+q—i—+ + et -+
++4-+ ¢ + } f AIL ‘r AT III;«; e e ‘.,.,4¢¢~¢< Q;...f.,?.,ﬁ.ﬂ *‘?"T"’”“" + i
T T + ' T ¢
H4 4 TH 4 A;»——» L ..I~»H»— ~«»‘¢n-'~ow-»v#r%—aa--‘a»ﬁ*‘ “y IWRA N +
s +I T ; »TTF bafpebpeata e e g ..l..+..,..,,¢-‘,‘ku, + fdy }
R e SERIRS B R R R TR TRTTR R & 1 L RN
1 1 e BN MRS TirTe 1 X
Ay;f . trfad dobd ey PR S ST S e +
fH e JURRE T b b b e R L
i’ ‘Tq?[fuu‘ i } bbby b+ +0-rd + ‘LHx
e y- 414 ;}-4‘.«»-4 - RS bt : 4
LI i _[A*t OO0 g Tj*v 1 Io
T I
ENUN) (SIS 2& vy b a8 | $' - e L
ANEEt. Jud TR ~uniniaie SRR [orw =

WADC TR Si-474 Pt

Lo

AD (rs

L5

DEFLECTIONX



i

+ -+

—#—T~+- +
1
1

1t
1‘;
1
1
1

+ ettt
T

yo t = o T
}

FOGNER SNSRI e S
v

T
4
i
|
2 SR SR R

v e o 4

-t ‘+4—0"’1 rrf b

4
+

. **—r#*“‘TTT“
ik and i H"—H‘?-
ﬁ'—t—rﬁ—««rﬁﬂ—v—v—oow
»*H*—v—r-rj—v— Fp ety et

MEOAREENES SRS

FIGURE

PRESSURE DEFLECTION CURVES

FOR TRIALS

NO. 11, 12, 13, & 16

bk b v e b R - s
PO NN A NI S SRS NN I AR
t - +
P RS R R LR TS Tt Gy
1‘ S T Y TR DY
T
+ e+ ERE SRR (NI SR
T ;
- l;,;%H . e I
ERRRE: it e e F
; : Lo b r e v . O e
RARNARS I ROOUARDAN BN
ﬂ"*’#”l + B it SRR BT S S LY I AU .
T RO QU I Cee
i 1 + -
i . e
T T
iy - — e e e ety
= ' e
{4 . 4 bt b e PN Y e + " '
I 1 . P TTTT
: oy I T‘4.—-l.‘.,.w,.4_¢ S oot T 1
+ ‘I ¥ AL R T SRR SO S | 1 i
4 O L PN U UG S SR SN % 1
t V[i e S e kR LT U TTI UGN SN t
—'J‘ LR IRSRIE TS =T I SN S T S ‘.
T < ! \
11 B B e U PP
r![ UG L SO RS EE T I ) U :
X '
T i g
+ R EE Y ST TR SN [ TR |
ST T T
s e »‘L4'097A1 P S N . t
EEREESES R R ) 1+
——t e e &i—y«—v?j"‘v’ R o B SRS (i S t
T g | TH.,,, PN . -
I I o Ll
P --*4,4_.+* ir—wv#.-’ b b vt N
PSR I w«~v—o——*<—y~~o-»#o—+a+¢ PR s ) -1 ‘ B
T PRFSSUSEPEE O ‘¥ 1. T »rhﬁ?.«*,%—.—w N t T \ T
E IS (U S HHH.HM,‘H e : 1
t : T
) i TT'? 1 SHARAEE
i lf A v I
L—ﬁ-L ﬁ’H—‘—ft*f->4~">y~‘»",« e ; + 1 rlxr'
SR S BN ; I
et s R \- 1+ |
[P + +
-+

e

bt e e -
SRRt enm Shate e ¥ + +
[ 8
s e e R At + + 111
T A SHA BRI
Rt atanands fhan - —t ' e ——+
R R " -+ ‘ ;
" ROl BEABERAREE AR t
R A e R Bamamen SRS S ~+ -+
Aianais * + l +1

PR

.

100

e e
IETIPRE
“ ey

IR

WADC TR 54-474 Pt 2

DEFLECTIOCXK



NOILlLOdT4dgagq

i

Q

4
n

4
A

A

s

o

Pt
i

-4

TR
Lot b gt

It

il

L

L7

LOAD (gsI)

—t

e

f-o

”.rr

R

1

1114

/l

WADC TR 54=474 Pt 2

R T I et e L LT LT
L T HH T T A
. rrrbE PR S T e T e R
ST » YT "ON C T T T Tt e T ettt R AHrLr, »
- S . LA T R T ettt
- ——1+—+—+ +—+—+—1++ 4+ LA - ~++ 4+ 44 L 1T 4 +-4+4 41 1
STVIUL Hod o R A A A T A T T T
i - Nﬂz T HHEL T -
STAUND NOIIOATIAA FUNSSTUL I O v O O ATt et rit ittt 4
SRR R e — QT ] TI1TT
- - - t 4 —d -4 N M t L 4 t—
Hr - AT IT { i , 1 2t
8¢ auoia . A T i H | BEqyeet:
R A . - 1 ;;; by T; '
[P ] sRuNE B - N <11 T il phit [ T
Ll AT aREEee SR ia RRsR Rt IR RIEE FUaEEE
} H H N < . ; MM
SESEEERRERREREREE! SRR RREERE Twum~ ERESERSS SRR RNEE .wnx;.f SERCRSEE FESESEEEEE EEEREEES
—+ s by JER DA w w ' t . E..q 414 MW + oy e . IR R A URED S D SO R
dea=222 R SNERE i T‘ THIAALT , SRR RRE EE R RS DR EEIIFE RS R I
j_i‘m; 1 Fopt m - Fri BESSSE SSEERRRETE FIRE ISR RS S S S BEEEE:
IR SRR R SRR R ] WT FA L T 1 R R R SRR S SR AR RE TR SR EREES S e I
TLbLbELe ﬁﬁ‘ 1 SRR ! gan . - { 13 HJ‘HFWM*W Phaogis ..,H;r., LIITIILL
JJ;_JT Pt ricrers PRSI 1 1] 4t S S AESEES EEEE RRRE, SELEESSEE S SEEET
sl O N AN I N SRR R SRS 1t IBE EESERERE SERERE! S LR R R R et e
%hﬁ o NS et e Sl S Huplw SR 0 0 i e O s e IﬂH 1 m L VIR IR IS 6 0 R QJW?H
s } - L3 I #vTI.¢++HvH& + 444 B - - ATH‘# AWHﬁr‘ T } ' . ..;m..,‘r A_Tww.r4+¢;~
-+ - - : xﬁlr — 3 .u+11‘r” L R erAV 11 -1+ r1-1-1t11 4+ + t- Pttt ot i - Mww‘mw. HW %\ jMIH
.s,d”l,uLhH%[ Loyt bt .ifmﬁ*hw o o o o ‘I!.rywwﬁliu oS tnE SN EREEENEEE SEERERRE Pt s
. 2 t 1 - SO [TE G - RS + 4 4 - { t 4 4 -4 4 44 . i P 1 Lo N Lo
EErE e e R T H P e sl T ey
SRSl EE S SRR TEre o] “f,\Hu..% [ (1Lt s Lt NS SREREEARES SuE s bEE RS AEAEREES
wﬂri,;ﬂu#}?w 1 e RN S ea S S S £~ oo S 3! 11 R CERERRRESE S S eSS S SRRRE
ot -y i e S SN & & it TTIi 740 S D SRR SRR SR SRR PJ.TL#‘.CT o
R o o o O 0 e B SRR ﬁw__ Tt TIrrrpr et oo ‘,Z;, T ﬁ‘.ﬁf.,,ufﬁ.l.ﬂhu s o
b+ 4+ ++ 3+ L3 L LT i R Ui L\‘ﬁfit.’%‘ S T+ va. Jr+r»;w RS ~““ ...... . » *+‘4¢¢ +
; iS4 FER S e et STy S INES FERRR RN S EE RS P sy
U e T ey C I Tyttt Pyl N AR B O S MR [
tis SURIS gy SR S an gl S S I b S .H.~M¢* N B N A *H,:Jr‘r -
[N g H - vvuvl.w¢$\r doat ‘rw\l»_ﬂfdfﬁ,w. + .‘.@kﬁw ﬂ*,*»*qw* vH!WLI[
[ R R S eSS S SRS S S SR A SRS SECRE SRS R aEe) 117 -
Db sh ab e J.lwwﬂfquﬂ‘ %%MW*AHQ ..,»H+»HH %L‘M -1 13 o
bbb bl bl S A _ . MR P 1 Y s
: s e by T T T T HE [RSNGB 1 101 P g
e TR I et s 1t i
IR R I R R R s Wﬁ PotorrrrbiirH H UIL
ES I O i i v S o A I o e puiell A SRS g e +L :
e H H\.T S b4 -4 4 -1 4 iR o ST I B % 4+ — 4 u.lf B
11 ‘TT SR el e e SR SRl SRR Lot R 1] 3
P e e By s
b e e e IES = 135
R S R e e e eeSSS RS SIS S Sayan e : S
L P ] uﬁwh. S h bl 1 I
J6 S S S U (i S O 0 4 N G BN ARG it g + 4 LrLHlT
¢ -+ 4 + * 1 b — 4 t + 4
T rrid+f A
+— T”‘x
1 o i
1
i




NOILOYTdIQ

oZ ® ‘6T ‘LT "ON

Lad

STVINL ¥O0d - -

STAUND NOILOFIIAQ TUNSSAUd A +H T =t
1 Jugs & {4

Z TUNDId F , -

L8

LOAD (PSI)

- }
. am
1 O (S N S
_mw SN_ . ”
—1 ¥4 1 i 1
N ; [~
i A P& e B I
7 > T N )
> H,Mv J R D S i
+ 4 +H A o]
— 4 . 4 S R S 1
VA —~4- | - P, JO D G N iy
A - RO A AR
- 4 A 0 I
~ Al .I” - - + -
-+ + -1 — Vﬂwﬁﬁm .
-+-t E s sl i die o - ~
) G N SR p 7 1T ™ BN N (0 0 0 A D S0 R Y ﬁ“
N . 1 - - O 0 i e I Bl
-t k- + V4 ‘lﬁl\l| —4— 1YTHH +-4-+ — 1
- 4 -+ TTN\ — 4t 4 P -+ 4 i
- w 4 4 —t—4—- - I.‘rl.l - YTW 44 -4—+—
7 T V4 T T [T T —
I . lr&lt ) NNy i ) 00 0 ) R [y 00 G A Y i
i ammad Vi £F Z ] o 0 el e
o + T\TJM wl.|<\wu‘J| : A ! -~ HA - + — ] PO I
HA 4 D DR B - N
Fro - . \ 1 » |
JIrr - L P S A B Z 1 1 :
7/ R PR Z == ;
- — 3 T
" 1 By, i o W
‘T\v Aw va -
- N - [ e
t- t Z
1
[ /
7
7
7T
- 4
I )
7 t
7
717 7
1 4
4
4
I

WADC TR 5h-474 Pt 2




T A b e T
.-rﬁ-f‘mn\‘.,‘f,”,,..“—, mreeresly R YR S N
1 ‘ ‘ "f B ;,,”. R R R ..,‘T..A .
g ;‘izﬁ,;[;f:i:':: S008 30 H 1000000 Sonslalis A
. TN S : . [ ','.
Sseakia It B 5
v ! v o o PR s TR (&)
Seiaassieast iass o R aoanand SSSRIEEES 2 -
T ™17 T T N o} N
R ‘ PRt gt O ST
T HCeR IENSESER = 5
T" ITi ,Lw STH.. . g E ©
THN R EARAS: ﬁ‘lJ:lf.‘l? & &~
3 0 BESISAR A6t EARRaORRS o B o=
t_ <. 7?*7'“”"" b - % fx, 2
s — ; [» - ,‘ e
8 Senfasesbl e¥hi 2
T b b bt .,&i M- g
} uln;iﬂ . :““H‘,l, : . [ ¥
b pdseronns Ceeieieayp e
T _er*ﬁ Sl
- - ,,A;.A RS S I
441 _T TTTT 4;7,17,1,.‘ e

R

4

_#
e
B

TQ'Q;;“PO -

S SRaY PEAGNNNN HHNGSAINS FDeN ENAERESERY
H R SRS SREYH N D WS f
L+ I ed TLEE REY R ARECSES NS SN copdd JT
- T o L_;Iu‘,iu vt b dig SR D b g 1‘ ]
NG LT SR 0N SN RONY RS SOSRIY A HH
fie : BESSNERECIDOCORE RN SSNRRST: JARERSRRRAN
|| S RS EETEE PRSIPUUEE DU ! | :
HE e R :
i 1 PN e T 1 [‘ ! 1[
; i Pyl
i

FER I NV N
1

b rt s e,
1

Y

0 Y

S -
R A e S
— 4 4 -
[IEE T S
+- 44—+
-4 e, -
+ bt .
“- +
R ~‘—E— +
O O S A S
g

-t mte
P I T rir e RN

K ' i H
. -y + SRR ISR IR [ SRR
E st DR PRS00 emibetol o wl
+ EERES T NN PSS SR ; e EeaE o
it {T’ 7»‘”‘» T"*f‘\' “I Fhdensain “\:\:¢Up ;,;,‘ ;r‘r+ L#Il[;
BRERIRRDSSRORN SEORRRSRET BAOTOOAM B NIERES | TR IO T
L mﬂ LU NN Ratsa S HseERet
InEntseant calt it nd IEE NN NS SORNSREON e TS
l % TT[ At R R “""*If":“ : P+ $ e o ”ﬁu*‘d:f‘ﬁ +r—
b ,f_,.‘f‘,‘yfAL¢;‘..:,... e ey e L '—-‘4“"»"»"}.&;1%«
X E R TIPS R U I PR R JURDAVEN S T I R
SEBEESEENE N TTINEEE BRI s et o b D e b L N i |
1 t =
’—T i | Il l ' ! ! i N ‘j N ! !
, S e el e I
f + HI’LATH. cedaaats e [ S deen
prrtrd bt b e d i, e - LR R [ G
<L,T.‘LI PO Y PR S PO
Ce
e L.Lf,u ,lxl.H“H R TN e
Ly At R B D
§ B e A -
I ‘Tl"‘i :
Tt 4Ly v e e O R TN PSR T SV
F O S Ce e b e
B ¢HTLQ ‘41L«*34v—-f~~v¢‘?6‘~t:»¢ PO
NEESERISE SOOPPIORS IOVOPEDIOE SOOTIIEIS
T_"H'TTLH L¢._¢,i»;,4.. L R R B
i IL TH"""T'*#' FIE S S [APEN i
. . - : .
&N TR U I .
T I
1 e IR T ICEERARITR PR SR O 1
e [ N A RN . I
I ;,;,I‘T IO YNESTTSY SRR ST | [
»TL‘ 1 44:7«‘»&va5 e pw e 4 PRV |
SRR NN DS D e .. I
Ll ‘y‘»—lHA—Hi* B e atah SEIEIRE iF SRR - ! { ]
q‘L«»_ITLI—» 'VLTi‘#*‘Lf"“ R R
MR N L RSO SO N [N i
+ \ruu‘ ;LI“ ;’.‘ 1
ROSURGEES MSJETEDY FORRARDEN , . i
HFLL“‘“IM"“*' T : e BURISNNI
L ! t -
T S B TR g EERE DUDPOROUS § SRREIOUE Ieutaasua
bt Lo _1, S SRR RTE RN SN Ciae . P e vdor o] LI_.J,)J_L
444 ._,T,._,T T: ,M “‘L_‘f,+‘,;¥7¢'~. R I N . PP cre . ;..._44_4_‘;‘ - L‘[
RENERDERIN ‘\‘*L‘TFHIJT 00008 MSEToanS KR ETLiES EEERRRIRTE PORNSERN | SRRSOt Nuti S) 1]
Shpdbpr bbbl B R AR R R R TR I DRI | .m“ *i INRENS
TE P e : NEARESI SRNNARNNEY
4 l.‘_.H} .. L‘,L;H‘hm,nry.._x..gﬂdw..,‘....‘A - . BRI ']
. 4 3 IT ;]1' ‘AJ ‘l\ 1? '
r Ii-f[ ly»lrt1<,l‘.+‘ RIS PN BN
RESUSEND SURSRSREE FREUTEDONN SRRSO DO §
JtivdLy ;[ .IL’;L‘;S;TJI‘. R T N
RS SRR 3 S ;f.,,l’ H; N P AR
i;;h,t I il L A R R S
| | ' 1B . o
SISHEERENS! [ D .“I, IA.;. A O S T
S8 ““UL'J[“L‘L I*;.,“.‘,J,‘,.ﬂ S Ip..»,,.
b dd e ddas d ot L, S S LI Y e s
8 I‘QL.;I *Joi‘a‘.'u‘ct T'd”._tr():“‘toL T o
S nasanssaC eniei i niid i ind o0 Ashs CUBSEBIRIN

LOAD (psI)
WADC TR Sh—474 Pt 2 49

DEFLECTION



REER DRRRERERRS FREEINES
4L TﬁL‘ w—4t~+«w#fl -hrv'-—Tﬁ -—’ J_YLL—L

+ A TS DRSPS
.—“—Y(’-—'P-‘Y?Ll"?" r—’:—o T +' NENSsS SabAIRASRS
H‘rmwT—‘ + ;}«‘v—» ~r¢mw‘4'”—?”“' e
r%v-w«v—l»...l\%, »,+T-1 *'7“1'”‘ '147-4—1+<-~~
bt bt e+ *_?r:‘v_r-r.tm‘ wﬁwu_h,ﬁ
f‘w- I T”T I 1 et b R et
ayfalasestnatet sratushls Meantiite Fibtoasel 5
f——--—r‘, IL t 1 et Ft t bt e o =
| B el T 0 ©
T N ’ it
| e T+ Basmess L . =
| mENNRRERSees fendnniti] EESRRRONs =
e i I T—T—"‘ s e [:—H4—Hv4~-. 4 E_':'
i + SIS R R A ——
T - HW—H»-& ; - .
1 | h"L} " ‘ H-H_’_L ::»"‘4*— é
i nr ges et e ]
bbb e T =9
i T HH 3 Rl R Sl (PN W K 8 [ g
+—+ + i :
St st et ceseeses I~ I
T X B e UCIPSIWENVES Y DU b
T ——t :
- ik — |
g [ T ‘;—LLIMH AR o o R R B
~ T T‘ ‘“\tl - ‘»»—AI»L j#—&-»#d—*j—r»ﬁfaw.:m =z
T IRRERE AN AR 1 o | DOSRe :-HW
‘ | i e
" ‘ N %‘&—f——f— R e on UGNV S ST U A
8 \‘L - o R A e O IRTNPEY SIS i
o Tl NG e e e ]
7 ‘:-F'L»—-- e e, S U SIS SN A SN SR
o m.._w-..,‘it‘( [ N
el TR i
+ -+ ! i e iasiand bl ey e e j i T
ey I 8 o R . R RN NBA
H i S SRS SN DR AR R RENERS NaEEN
BN BARNEEAN o DO RO ts AenAAARREE
senins S EEEn SRS E e te T ARRENES!
a1 neas SRERRRR RSN RNOREDEENE PASEESRNES BN REREE b
68 SaRann: TN e s
0 DEEA| S O N EN0S 08 ~ BT '
| . TN | SEOLNDESL SN RGEN RN SRR DEREN, ]
e : ' s B SRV B . o L ]
Tt 1§ BN 4 et s BERNSSEEY SSaN
1 " —.ﬁ «V/H_*,Ak;\g.,.‘qvﬂ,.ﬁ_.w [OOSR NS [HTH BRE
T 4 1 man PRV EURII SRS T i N O I
T ;Il'jb“‘iwﬁ‘x;#MJ*‘“"‘ 04 SSSES RSN 108
| P EEISNSS ‘H,.,.? 2 ! 1 I
B mEmEnt b e N e L] BESENEE AN
N TN - U PR ERNEEE !
- BE " f—f + Sttt I |
%rvl O T XrY."‘ . ‘ ;—l- BN ‘i ! -
+ t — L N T -t +
‘fylv‘ N EEANESANEE H5. NEURESE -t R t o
. "I 4 A NEES SR VAR RREE et “]'\ I ’ -4
Y * T ' N 1
4 MERERSED ‘}“{‘JH‘ AR L. . S
— i P
SuRnee IERNEARNY BRNTA UEEEY DRED WS b : SAESAE iaw o
| T + ] - - N T i
JARgRuRA IHESSNUSE RERNEL R -- o a8 T o
| 1+ .. NI N g Bl g -l Ll
=+ N INEEN BRRRE =
Iyﬁ»y—t t B " bt P IT; \ L" T * LVYH“ ::; .-:
\T . ; T'IYL‘—‘ T %‘ [ e r“l i T
NREES N ¢ + -t R SO s
Sateemes ] e eecasei i isitost I
- : N T I . )
11‘ e vﬁ—‘r‘r T )\ 1. T: 'ii:'“" et -
o N Seees A . ERAEES SARRENE (=]
T RN NS % ‘ A
Lyl‘ — R \ + =+t I;II‘I[ T
bt s . i ; ' bt ‘ NESARE
R B O T SEmaS . ABBSERERY BIRARRSURY FaRuREY
L wL‘x‘ * ] - B * t l_L; RN / B
‘ ,Lﬁ, = - ‘ I S BEANE t
P PN R B : o ; - - ‘{lll¥ l i
: ‘ : Y -t [SE T R o N I
, s — O [BEEE EREN
£ : ‘4 ,l,w AIL
A EERANAG! - e e 1] et et
T - e [ S aE aasaaE
S ARSSEEENG: . Eeea—ya_— o s et
T S inpesteny e
+ it —— ! TT'
+ . : S S "“‘I it
!lx + [ SR A N "‘w i
! T ‘[1' A e e [‘YI I"‘
S Aesaron ST e
: : e - paseus + §$¢I EBREN
IBENE S ERAERES ) Ce SRR D
I RSN NS MURTOUIEE PORUN e ‘
i 00y Sossnioue EbpRasetel HSSORRON BURIROOE B HERSteusd Muntssnan sannns:
] IRENE SN Ju“'uw—‘*—“—h..- IR DR e — - BRERE:
s AEEREE N e R B SRR ‘ N aaa!
SESENNNE1 MOURENLO0E RSO S DURTRRE! N PO 1 S ianssnal
| * . N - . e e - e e - ; i ‘
=+t i mmmemn s SR R AP S ) N IORSneS bs: i 1
{_‘_ T«Lr-«—L«H»U-.H'l;M:,:. L Ve, : _._AVHH i HH
* ! . DR I ) . + e el . t
Lt pp bR e o bl b b k| e e I ]
\' L i Lln-ﬂ_T_’--Lﬁ&p REEaE S R ;44 R AR PO L e *#—f_ul_ ; X !
‘ ; 1 dorr e [RITIRETR SIS R I
l mr-ww et Mabecamats ia
-4 + 4—17” »b-J-o"-.‘ B N BRONRENN e 'LLL
tt +'f‘1i+ FSENSRg ROOCERINS ACEnITOE ROSOERORS | MSEEuwhid Sasnun
I ‘—t " L+ - »~L—Lf‘ R SRS IPPEES | D e P
Tt + ‘t? ’;‘ ' +4—&'L‘¢+-$—;+r:i'ru*“‘,‘ AR “"**-4—‘: . T *
i R St moeeses MRS sl et
1t t = [T S B I .. MR ik el o o
rrt L‘OO&"tﬁ'—fﬂ-bA-W . ‘***ﬁ“’#‘"‘ *.+‘_14_A‘ ‘ I
Tt e b L O e
A n 1 Int‘[;1. r 8‘-—}4‘4 + o+ L‘w‘ro—q—«rrg-A.. o Jf“*‘#c Lf_LI
BSSRERE ‘“**‘T‘N"I:‘Htj =)
i e 1 ‘o

WADC TR 54-474 Pt 2 v ‘,’o‘ P (FsD)



; - T j i
+ TNL;‘L"' R R I T I R A R I B R S e A R

ot B S P U S LN

- e e e SV I . . .
N Ve e T e PR
+ 7\ + . e

P I R R IR IR IR AP

Rl —wvﬂ-r D I B A N Il I IR IR SN BRI BRSSP
+ L »-»-—yu\ F R T N T T

-t t 4114 A
p

43— 444

+— ,,T.4ﬁ.’)xr...u\L..,...,LH....;N.‘ PR

LR R
A Saknas e VIRES .-\..*+ R I e AN R SR P

+ s s + =t *
+ te bt e x,-..u. O S O U o~
+ PR R R AR o s D

t Hiy%# e
al ERE s RN
+ .
T

t

+

IR IR

RIS R E T e appe

D I LT

“+1+++1

- PRI IR ISR R GO

R aal R = I P

FIGURE
FOR TRIAL
NO. 23

PRESSURE DEFLECTICON CURVES

T 11 T t v e es e e d
N e e RI08 EOSbORnbes
-+ 888! T e i et SR SRP PSS N
e e B T e S
PPN N
bty g b
Iw% % : + — .,-.._..,,,_,.1.4-,
'4“'T\T' R SR I S
BEadas e e Rl R
> + P - N
+

LR etk R

R i i e
.

+ rj‘j—js e P S R I SR PO o Aot o o }
-+ “‘\ T —[J‘ P U T .d-...;1<<+-—+4—««‘*+—-~+T¢—<‘“l T
ll v‘i”.‘ T P ot e bt A 4t 4+ 4k e e ofO—H—Q"vd—f-O }—&H -t
‘vJy JII\ et - -t R RS RE KR SRR PO wfa»»—-o—*——t»fd‘/«ffﬁf- !
t 'ITH -+ ~¢1 R T I LR AR 4 s . **4\‘vr‘ ﬂ#’(, “yTv
ITRARERE o ] [P S ERSERIE B - 1>~++T4—s—ﬁ—$—4‘—

I‘,Tl‘rf P o I ST ERT GNP IE IR T ST SR GIG R S 4%1‘—4—4‘\.4 . «1,:1.
ISERREER y + T + ~—t
—)—4—1—-,»“ SEEENE RS ROREtE IO TaiEE S s iotin BRSO LRl LAttt R g RS T +
VJIT‘ /,‘_LT,.,\+4,V,,,4 e R IR PPRFUNIN GRS P V0 O SRS S +

H ,‘\Li—wg‘ ’ — R Tl R PSSR = RS RPN -IL
+ +1t + ‘#f\ —rt R Baan SRS RIS SRR PR [ I WY t
T I‘:I\ Hf R B et I S I SR i o o b o S SERTNpr S UpYEURY TTapr e B R e .»«‘-—»—‘pﬁ##-r +
L )XIJ ‘; I’Jr IR R D e TR R TSN SENE SV ) VRS N L+74—¢4+.44;. RS *-k% + +1
. ASENRERS R e i IU R R R s R e bk b 2 3 +l‘--+—?—7—44‘“ + 7111

4 I i e e R B e = TR | et e b4 e 4 ¢.c+,_7\¢44.} 4
$t P 1 R R e e e e i NIV TN A SO ORI O B 44
- e - . . et . i

y»ﬂ‘»\%—f-‘\r‘%—p«". e >~»‘i~—+~’1«++—.—+.—w‘ﬁ e e R A ¢ SRR S 7*4,4\ .Li

e & R B RS TR
——t Lf + ;% ,»H.$,~.,»---’—~¢’L‘—V—L+¢H-+¢—1-+-»¢+«-4—H-.-~J—t—o—¢+-a-4‘ —+
B! | N
T
4
+

R R e 44

R e R

et T B U y..‘_r%‘. 'HH*H“WH .;eb‘q.“.w - 4t 4 +

-t - i Jl,ﬁo A R R et et R }-ﬂ‘*"‘f—‘vl‘&««“v—f—“—t-‘—*ﬁ e e B ] +

' T vl 1
APPSR ST N SN

. j*ﬁ'*"“ BRI TR IPCND S ) —Tﬁw,—‘-—.
oy SVERIDIS IS RIS S [T DS ORI 1 SO

.
e

‘ SFRND PN (R R SO i 4
_%514_‘.;_;_*‘.,..., e R s fa e o Y B s A KT R +4
SEDIENIIOF U S EDEDE SO TR SV SO SN SO OV P 4

et — S S -
} i e R B I e e et PR I T l.}
%,%TMK&W,.. B R T B I C A SIS AN I B RS R SR SR R 441
IL\ } ; Lj‘,4+4‘.,,. P PR IR IS T IR T C I S S RO e Rl R R \+4 %4
+ ‘r]‘[ 4+ ‘OﬂOA*Q P4 ey R R I e O Y 447-4~‘044 R e R &&-#—0—6%*—{& —l-
A ~++ IR R I I I o S N LY IIR RGN Iy RPN | SN SPUPFVESTE I RPN 1
et e LA R Rt LERRRETEES SYPSPERPTY FRTTPPNIRS RS PRIES RECIRTEDS  PRODPRUIS DI, +41
b by H : : . i
YLI' Tt e B R e I B R R REE & RERIR I IR R R e + 1
’_[‘ 4t } N R E R R “.‘-.4...r»r‘-,..~.« B R IR IR & LR R R EEY: Iy W
!‘ it { I?_*—Hv+o‘ [P TR U ,_.H-.»,.,A,.,H,U.a.PJA.,.U,W ‘e e emh s e ‘¢,4.‘.H7+¢ %1
- A B A s it +
_“ ‘t %‘i:ﬂkk‘&' R R R R R & R R RERE R S SRS P p
- -+ e T L T L B I N T T ee AT W I -4
IR 4¢$1HAT‘, B S e T ! +
ALI'WJ_\LA \WLf‘" PR SR B J O R AP
IT; l \, N N O U
P d el
X4‘-¢‘»‘4I—l+4-o—*-1—+./.‘..,... R R A B
$ S P T .
} I;i e = T T L I I T
| )
I P
] i P N
Phd e e I I B
R T .
S T
+ e P IR SISO SO
i A
LAY PR RRIES X
wbe PIRETIPE PN P
Ve FTIIITIPIPRN P
e [ EREET S
,.l; B .l%f’Lf‘t“A ol
potr e 41\:)1~»w( v
bro oo o bopadbii o
Tadydds sy 1¢r—<Ht—iw .y
ﬁi:‘u‘u.- phbacbed
8 peeoadpd L.“rlq‘,’lf‘lot.
- ‘48~—~f~43‘¢9‘8l}431r»0v.
il ia bt i

WADC TR S4-LT4 PY 2 51

DEFLECTION



T “ON
TVIW Wd
SHAUND NOILOFLIAQ TYNSSAHd

NOIlLOXT4asa

19

2+
[
t¢ W1 g
-
S S U
TTF T 061
+HHHH -
T T+
(] B 3-}- -
& kR oF
T 1 1T
L EERRast
&r\ . VAA - -4
T —1 SRSk
T I37T.277
L A SRR i
. S i = =
Aw)r e 1
Ji - 4 g
-r 09
i —_—
7 '
T -
T -

LOAD (k5T

52

WADC TR S4=474 Pt 2



ROJIJIOTTJdTAQ

-
gz "ON 1 :
I T T s
i T me T LT AR
TVIUL ¥Od 1] +HH 1 H
- -+ 44— Aﬁ
lfﬁfwﬁl - -+ 44—+ -+ AT -
T A O 0 R 4 ¢ g ]
SHANND NOILOATIJSHA SUNSSAUd e S ] I EeSRRI=CaERERE :
+ =+ L,I;I N L 44 S OO N G R - b Ty
SRR m e SR S H R s SRS ENE
T T = SHeTr I Irﬁnﬂ_m RESSs SEENE
s - H - 4 - {1 4 + + S B e
Wold - } L e e m 111 TR
se = - Se ShenamhS il B PP
8 — 4 e e - s . PO R s e m —
EESm EeResssss Sy =y EESERERE M AR OREERE igagnns
S=agsat 11 EgEss==== e SEARRRN SESERRETUA
3 ¥ T T S S e s B
i1 : 1 g A I 0 T, ... T3ty b+t =
mlx T B S A A S0 R, - ,H\« Sk b e ISR B B =
11 I AR B e e B n ol IR T bt a2 NSNS g + 4 -4 -+ 1
A e Tt - lr\:i.l\» o4+ e+ - - + TW ] —+ Yu\ - al
- e 1T e il S S I B i 5 ) S OB U0 AR
SEaSE = = et e e oy
+—+-+-} 1 [ 1 I i
T - EESEsSEEEEE NSNS asenasRRSEEuss
[ N - R 0 9 A ﬁ'u. 4Mﬁ : T *‘ILT«‘[LI) 1T ]
- LT Bl A T O o o O 0
i s Ty T EEL T R THT .
!I:I\l - - i 44 1 I\WW -+ “ J‘H\A - \Hln.xww%\ -
3] -4 1 3 ) ERER i L 1 ]
4 441 —+ 4 ** | v , - c ]
e ——} 4 R b 4— 4
SEEpaSSocaesg EEas EegsceassangRRRRRRREEEEecoscHuRstEs
b1 — -1 -1 1] - M BRSES ~+ 1
—1 — T ”. HY ——t— e R i‘v‘ JYIAIJ W
gaa: - = B SERRRRRRR=E: =8
= nrgi T HH THAH
- -
T H - -1 LT EEE 7
aagsEas ] ] R == = -
asass FHH o 5 e o e S - =
- TW‘T T T Vi T 1 e L t—1 - g
aonhane - -1 -t
- 1 !-I -t 44— 4 ]J
4+
I -
T - :
- - —4 o wA
1
= |- +~4+—+—4
7]
4
001}

LOAD (FsI)

53

WADC TR 54474 Pt 2



~r TTT B S
«»«-]‘:»*+,,‘Y.--~¢1‘A7,‘»v'.v.‘..‘ N .‘.l*- 1;4
‘r.<$r7,.- I E T TR o }>—~-«._«I:oy
R V*YI‘V' freerra=e b IR S
EERR r$?‘A0‘rJ>To<yr v b oo emrtigy ¢+
00 .00 N G O ERICIR IR T NI S EERIRIE: FRaps
I : i ' 1
,,_.‘..,_,1,”. ey ,}“,".‘, Ve b [ N &
- {tt ‘H,» RS E TR ,'HT'H' ..»4“%‘,“»-«.»-—4-,. o =
i T F—- i NH'..,‘ T['l'l [ PR I o
444 T e o b : IR SN
R Pt LY 8
T ' | M i M
. ] IBRR i
e T
A T IR & 3 g
jTT;A‘ﬂ’V »Tﬁyr«+‘o frery N
L “""ItTTr-TT”—.’ 4 b [ E
1 {4+ rtres IR U P 3 S
,‘-JI‘LTT‘HH H—-U‘m».,,‘ P E x 2
bR AR IR IRIRIE SIS SN —4 a
o n R NEIRIRIIY [N SN NS SN [ 8
BN il‘.‘ g
o N
t + —
i TT‘{'T_*L'*‘ l‘u..w‘,. ..,THIH e
1 f’ﬁhrr++fwr’7“.”' R AR R
T'&A—'M‘ R R KRR R R R
RS AL IR S S O eds
808004 SRESOIITIS HIDOROEONE PHOPEEORE SO06 &
ESRe RS EERERERUI PRSI DU S
HN; RS Rl SITRRREE N R ROUURUE DUG
}?‘TfT YHI,‘.;M P e s PR SN
I VT'T4 B T e e
g} e "
ottt - - T
e e TR
Maata e R R R e e R R EEIEIRIE R 1
lla»kl‘q— ﬁ#*l;j w*‘r*"l‘?"’."v ‘*I*‘Y" +t boed e "riﬁj‘L*T‘
’l 'H*‘JH'?’ -+ 3f7’*""‘**‘7 At EREERE PEER e ”Tﬁ_’-*;i
‘T“’*"“‘ —t»f44»v$ ‘*T*i"rl' .4»1-{‘7»*. PR PRFSFI SR | 1+
4L ]»? LIRS IR NN U S I S S S S U PRTIRR R JRNS
_H,LI+ 1 Y 1 Pryvesd BRSEN
SRRORRERN ,TLVT.F“"'YMTT*L*’VT‘* fresserepa e [N ‘.,.I,-Tjﬁl T
TT1TT rﬂyf*‘*“f"‘l‘I‘v‘&ﬁ AR RS S KE IR g by _L
’ 1 I* vI‘H’IH“” Yf’ R ICTIRIE SRR SN N ety f?—i”'l H
! ; ! L

..o ~-+~—+$4¢r-

~«»v~.‘«f’~

R R

+
Eal '”I‘ Tl" .?‘w,,‘.wl ki I*u. R RRY R

+t+++ +4+4+ 11 w‘yyfﬂliv e “‘v‘b“;*r{v*vv{': P A"v [ APSST
N St ‘ht L»‘#‘ T#UT I“ A REREER ‘*‘QF?‘V‘T b Cee ey r»r—fr*k-+
TT"tH’ +I ey by 4‘?$~'i§¢-r»»4»+4+~+}~44 - PAR T S Y
Rt ‘40»4‘» T*—Twa{»—#;*AJ‘»‘v;&»»$»,+7*ll-‘»»»‘ R R R
s t 9?74»1T+‘a v RS EE RS

4 + 4 Prrs b+ b4y s -4 e 3t

. v

|
CER TR i
LR R S A

NOEB RN OOS ASORSPRNNS

R AT OATEE B RO e SN FI R v.+,...¢r—$«
PIR R S S ;-,7,++*~4.?**4—w

R LR EE T EEETTROus ' SRS SRS
.+¢.>;--¢ Tt re e e b a0 Ly Rt o R e Sy g
LR LS BT T B [T SNy BIRIGE SRR ST
R R IR S (O e ey LT =y GFUrOR

IR TIPS ¥ SRV S

R T © L SN ;“H¢¢,

e o] ﬂ..-‘++,¢,w,,*_+,,+ b v it
TR ’ -

t -t
PP & R S ‘lu’“*m.
....... ,h..$+4+‘.‘ R S b+ 4 4
; PR IRTE & T ¢++-a-i_?_a_7_,‘__+‘4‘
; BOUEERE  AERE RS RR RN B i
T NS | IS S s o . ‘T
44 ERER IR & PN S P Ly N
BRI posd Anann
I‘ : FIR IR PSR RV R mabes
T%H_T_ PR .H‘Lh;‘-..i,quy‘y
+ + Rt I e SYSP Oy R A
+ ]
PR SR *‘“;‘
B LT R S R?HJ
P et e *w—#-+»+l—++¢ A—}ll
it . S NSONRARERNEERRE
R y+—0—+1’4i—44‘ ;5[ +
B e R a] - Lesd ‘«A»Hul ;
Ahg bbb Se ey 4 »A¢ﬂ r %,;ﬁ.ﬂj‘u_
R B PP N ﬂ. + ‘,A + ]
bhat et RN L
L \
Farbege e by,
I %74F+‘F+‘4‘5+5‘
+ U R S A I
$ + ~+++44+44
I 4 u++
T *“'“
3, + j—w ;
] O I A B
il } RSN
e .
{‘*‘- 4¢-L~‘H+—"( s
4 phetibe s
‘j‘fﬂ‘ki“”‘”'*
r" ‘&Jqpu‘i»r.
;‘L}I ;74*%..,
—Y-U— +idpy b L1
.t g bt o
&8 LOuiine e
L~04881 gt 1110

LOAD (FSI)
54

WADC. TR 5&~474 Pt 2

DEFLECTICON



T M T Y A Y T
T% —o‘rr‘ﬁwvv rrlr b ba .‘,"iju 1,‘,;.HHHIM;H{
-ﬁ—wrd - }——1v-.”pr.>.” P N I I
: y>~++»~rr—?r B s R R = TR SRR BRI BERN) .o
+ -*—T-rv»H e b ‘—':I'f—r;' B R L IR I (’g
I T e AR RREE S AR «rwtt,—r—' LR A IR g
i S ISN RS ERES IR S . St e e .
+ R REE RS RET (70701'1 +r{ Lwyy Ll IR g
|BES i I 1 ‘,‘IT‘ ot
ylv-r—fy “H“\”TMt‘—T“T.‘.'T' rAtri fEbp b § (@]
[ T e L O R AR IR
age sistbediun Sadanibonl el il = o
T T g q o
SSTEN AR SR pURTRUURY SONELL PR EEROSORNS o 2
nunuguaiRann SASRSARERN SRR ERNY ERGAEI00N g 85 %
+ I AR R SR IR SRR AREE RASEERRARS
R g ] 3 g 8
b e d R R N R R R e I e
NN N ASEE0N ISIS0NRNE DRRSRSOUEY SOONSHRRRE = fre
T AR08 L0 & 5 - .
'¥’_TT—TT “ ¥ ’,,4.,H .....1*_‘+,7~~H»,,¢4 - o o g
B ie a (i . Ca ot e e (34 e
V‘T'Y‘rﬁ(]—v* g
ERREEERE =
37 IRE RS RN NRasan )]
‘l»q- k4rr~§-t~+~&
aan REbsSo0q phsstesed
T - [i [ & | VIR =¥
NEREREEES DOSE. G
H t -
-—r% - 'r?‘ﬁ—f"*'f“?'
™~ 1 . T T ™
t ) e B Raals B D R e s
L[ - t t R e ; P17 T
I 4t =+ >'+y¥v»r ++
t T+ -y w..+.7w +ht
t "‘PT‘Y'*"?"'VVQ'"?‘f"‘ -*% Tt
i A R ?vf—.T—T«&i—f—‘
l‘[x‘,dty D A ‘T,,,‘A,_FT_‘j
T L (st Sl IR i
e e MR [
’ Tt .
rﬁﬂ'ﬁ‘jr,‘qu. D ol Lot S SR ‘...f‘v-'-h
O R t.-,++*T.-.. eraden e .,,,-TTI
+ ' . T_._ﬁ,_.*r_, P T Cew e
I ‘Ig‘l,‘ R TR B ‘QH*;Q"
1#\1\*’7‘0‘ [RE DRI SRS S i¢+-«q¢3'
e s AAREEEEERE B v-'vry'w
s et IR I G
i [ BTN IS R T e
SSABENSENNN NUOORSOS] DIURSOURES Dog!
1
' IT““H" IR R .
+ R I I R R B
+ o S R I . . e e AP SN
F O e T I IR
IR T T IR I SO
Y‘T"”"" I -
Fo + 4 v bbb T S TN
T IR S P SRR
! IR R . [T
l -} . Fhd e e . Ve . . e
H IY Cpea e ey v .. . vy -
b} O e .-
L R R e e na
t 1 ree e P PPN P
[ I R [
f IER DG NODEIUN PRPRETPIIE S
1 ‘“ ‘ ?:,‘L,z‘ P .
- LR R .. -
N I
RS DI RN . .
N S O .
[EESEDDE DRI SR S
IR D O A
l%“, e T T .
R S .
T o T T e e
I?TTTTL‘ [ IR IR BT
et N T I IR N
. —
T
- R
Arg._.,h. PR R .
+ T—f—‘bva FT*&F*“’ . .
+ tlUT N NG RERRE R .
4 [ IO N I
IS SASR NN ROOUSERNTS RURREDOREE I
HH. N AT IS
= bob o s dos oo en b R N
»»4“1‘. P IR ] ' [ BRI
L] ! T 1" )i N
b ’T‘?TH‘ P I A
L‘f‘f" "“Fr"v~(“< (RIS
,..“'.A‘ ‘ [P S IR SR .
[”H‘ . . NN .
["t"‘L[IH . . B I . .
e *I bhy e . B RN R
<»‘.1T 'E]T' IS -II
g - RERN- SN - IRy -
ot IRl

LOAD (PsI)
WADC TR S4=W74 Pt 2 55

DEFLECTION



.
T

1
P
DGR

——

28

m.

FOR TRIAL

zsseal

-v—i—¢w—~w—r—&~
SNRRN . T'_JJ
S8sassaTIRRERRpuN
‘ ! l»*—ﬁ bt
[ i '—T—q—-o—rr + 4y
rr‘&--r»‘ v»ro—-r.»»r-v

++

T

I?
FIGURE

*a et
Bl e o ek
B I e

e
]

4 o e

A
v
]
1
PRESSURE DEFIECTI(N CURVES

SR N ?4<,._4_.

brador s IR

T !
i por T e b H¢+,T_,. o e e e
i h—:vﬂ*}th>7y‘w>..>4—-’- g ey e 1
— 4 ‘4+vr<fp+-w—»*—¢«‘,7v- e
4 . [ ! i i T
; .
=TT e N R ™ T
1 - e LIRS S uevtv S | Ll
! Sk e e [T A S . } !

ﬁrrr«j—‘l—y 8 S o

=

J e e
&4 P e et L :
X T

B IR CR I EE .

L
: e L‘Ff V~+‘¥TL-T*
; o ,,,.4,7»"..”—‘4 borpbes by

TH-A‘M.‘» = bt e bl s * ot

S S i E R AR T

4 sy xTﬁy-,_u_ et

T

.

T T S e s e e
I

i

boped -t b H-u—»r—,¢,» L et IR

= ! b4, : ; . 3
RS EEhEsanni *T’T“f* TT1 Lt : ‘ ; : : ‘ JRE QRN : t
: f'ﬁT:rrIf"J T ‘JT:**~ iaaad ‘ ey e
TR | ARENI RN EREENUNARE AROAR
SERERERNRRRNRNAANE TREMIAREN EENRRENRE N
3 DRERREM RN NREBN |
it Rl it it
fk' ;IJ.‘; L-Q»,LI ] r—4~¢jq——r~4—¢ J ! : ) e i ++ i,Hi
T T T MIREERaN !
BE st it ‘ T e
+ 7 : ‘ —d

Ll

X 1T = B -t ‘ i '
T T Sanx gunsaARses
‘ e N 1 s ‘ 5 e ) T

000 b pouaasts Reausatutd Rauset Iats iepass i v SRRSOt Msntuvasd LEE SR rey
Tv—4+—7‘4 <-‘—$—H gt b s o~»+~L+r+4—» -+ !

T | !
bty +—4_g7_l -
-»»+¢—l—-¢—+-+ + «m irj}»—y—r-

4 Sy . - }
i 1ﬁ ,—,+7—¢+4 ‘——&.r‘»‘.ﬁ - +ﬂ;r+&,_+ +
R e e O WP

1 [

PR
-
s
+
i
L
v
|

= At —— SRR Sad It S S A 4 !
FLL Rt ypenn RIS SUDRNSION SNENERDA SREESSE DUSARRRNSN
. U AP DU S O SR I [T e
"{ N T X owb-p&Aq‘—»vTW I SRR
M 1 - JE— N
iy . . : i t
+ ST TR SN Sy Sewe R EaEe BN .4 ! BN
| NAREETRE BRORDROSEN BUSSEDEGNN SRERRESNSN SEOAN LT e pedrpe e e
b+ - B Tl e R T SO SN PR S ! ;
S OGO D Ly e ! ISSNENEE RERDNERRSE
1 : N IRASNGROEE IR0 ARERS R I ERE S ‘4—._,_._‘¢¢~_.4¢.+_»¢H4H -¢+o+.¢.‘,r”_
SEtN HOOOSRbud Foubosdon s RSSetatel bivneusel | ERSSREN Mutaantiy hnnss
+ [ 4 TR ARYN SR E Y SR . SNaiad seRaesenl X i BEE b Y ‘444— ‘*‘T—f
i i —+ i t ‘ e R e L eI B TN SR BT ,‘_Y i
RSN T; NN U S b e ot e ; ) .
‘ | : . SRS MR T A —H—Cl-~ -
-t 1 ‘4_;!_<++_,' PR RE N PSRN i TN SN D R e [ ’—:-H kr«—l o L*H'
s ibunnsent PEURSTORel Msasealt ISEount FDGSENS | Sounakactl Ruouarased heste
‘T ‘rl - o i B U ‘—-‘—*——*—4——‘—r++ 4+4—Fp+
; ' "
IT [ G e e .- - i ;
I‘“fe»—» G e .. MR Rt i e b
; H T, . . R I fha s v S ‘“\'r“ H
x% ‘r,‘ IR R -4__4 - | 74[__
I ] Ve e ma e ; |
— R L . ‘o . e . R ‘. I
[HESEEEE SOURNRIIEY SOUOUURERE DS T “"“‘”*FwLwawLA
- AN OO SN T N e - RS 1 ORDEORESEA & N EP NN AN ISR
IREREOUS DOpenIIT L : R L s PUUNERINNE PSR ORE
‘ ; T N N RPN S N
e T S AR L T S S X T P
[N L t . e s o I e T S S ;4;.,¢,.T
T H
i cedad et oo T L " =t
+ e I e o B S il B B &{bApftFl
‘ O e
600 Fooeuntiie IRRRSEINE PRSSSSENS . , L Sosute Shusentngs
S SRR RIS I L. O O | I LT +“‘*“—*t+7
- D P O ""‘7‘r*~~*r+f‘~rf+
; ' s .. Yoe e . o e R 8 . . §
[N TN R O o RS b “hH*
| ' R P . N R vq<¢‘+—ul-~—
pre b ,.‘.,_‘.‘,4 E RIS I [T N | 1 L
R R B e e e e R R BT S A . . T L%
e d e e N | AR IR B It T
] R ; T . EERRREEE
1= }l"‘f P I P . , R ; : :
1 i fro ' ' X LI S BRRARERS
+"T”V""“"" v Lo Vet L el R
Ll I I i ' [ ! ' P by R ] »Hn_1 -4 4+ ¢
R S R U Y BN DO N i AA
IR B I S P ety . BSURSARE A ERSRE N
T Pl ) RPN N e L
N N SR N S TN P ‘ I
“ Iy I . . Lo A IR IR st ool -
” T I S r‘vf“l,.> LRI I S R ;JkH'L‘O i [
et b b o gy o'otlqu' by 3N N . ! i . | L
8 ! bt [ ; ' P ; D 4 ! PPt bt
t e Lok o . . o ' by
o “%’8 et el Qi Phivo i gdyd b
- 1] O T R b LGl ., [ N ’L‘I’Ti"g. o
Sharl ide T4 I L ad )

LOAD (FSI
WADC TR 54-~474 Pt 2 56 )

DEFLECTION



ROIlIdoTT43a

M« \ml‘
P 13 3
3131 T 333 3¥F11
on og AMTA 1 ¢
- —¢ 4 ¢ o - 4 4
>
IVINL ¥0d ERREESES E==RERE T
MWA - lLu VAU..A Ar“ T, R
114 4+4¢ -4 4
SHANND NOTINIIRG BMNSSENd 4 r 114 3331
e EEEIE P T :
<
- = o - - HY —4 —4 -+ +¢- «w ¢ M .« .
SedhgaR) ERRS2SE . 1
S Tuola segssssa=sSRREERESSEE ERRRRRSEEE ERRRREREE!
-4 4 -4 vAII.lLv - ‘. $ 4 94 “ 4 m ‘. u .
3 h o I p ddairivitd ” MR BN B
L 1 -+ Hﬁ 4+ 19 55 & 6D 6 SHE ;..,.H«< ¢4 ..M“.“ .w.
] }r sR2RccInkucsl ERERRERRRE FRRED !
—+-3-T F 1 _ ] T Y -1 34 an [ -4 4 ¢ -+
- b-§-3- 4+ -t T4 - %*ﬁy ] — MEARIME I MBI w‘ou
;ﬁ.w Nadl staadassul & i 4 pming Bei= .- 1L RSN N J?.» ISERE: i EREEE!
Sugesg T+ : ﬁ T = . B it LT ERERS R
SEdESSES H S “H I H fHh EEEE
—} - - - — - -— - 4- - -4 -4- - . - —4 — i .
SaEgs H N , FEEEH PR A b T
mmg —4 b L} 3 [ +—q 4 -4 - PRI 3 LR !
Sxds - ! 8 . R g SEEI R ESSRREEE :.:1:. .,,,-,tﬁo,.
- — 4 4 1 - - - 45_“ ‘. — .Hl *Hl . [ - >H. .
i } - i 4-H B P ~.ﬂL.r; S L SRR EEEE
-t - '- S = I} 4 4+ +4-4-4 4 J . 4 ¢ ~ 4 e 4
siddifte L caabul SESEREEE oY b RESSS J R0 115 6 IR
| g - mlvlvl..r1Lh . .ﬂﬁ . cad g . P .
b1 ¢ W!v -~ e + - - |a by 4 1 « 9 p 214 440 boe s . “ ».; w .‘“u
Rt - BPHEE e e T 34 :om,
o ol o oy - Lt 441 T3 i~ ﬁﬁ IH‘. 4 - 444 e a4 H..
St g - 8 el ol i o I O & Pul 0w H Vel “m; .w
SEgasm ¥ FEHAT HEE F R R T e
SRS Enny 41 Seray Ra: ¥ e o o g S g Ep o g JEe EnRnndiRSEs ’
EEETEE HE AT sEa] EaEs B L SESESSsEacE EARRUNENIA IRREREBER
b+ b $—+ +i-H AR 4] I 1+ +1 11 I T SRS U5 5 I EULED S 56 G 4t .% 144 {1
— - 4+ N - - L —4 —4 PR I T T T T — $—4 -4 —4-—4- —
,nWmWrJ;W . \ﬁ - R ey e e Tritt #ﬁ LPW 1T - 111L. 141
e el e ghe o o o G g a1 i i 1 T
F ] T 1 T HFET T s Rl 111
Sapdie ey - e oy o, s o s b 4 5+ jenSgREeR
e 0/
Iw - - 43 + L.L'u R abow)
- o & o Mol ol 0 o
S S W 41 4 144 nku .».“4
mad 13 - ool s U ub il i
+ } EEghEERs
1 R
HHH S A iEgscEy
1 BERGwS
T4

LOAD (81)

WAIC TR S4=4Th Pt 2



NOIIOoET4daaq

LOAD (p

SIS SREREES
mﬁﬂ‘!¢uﬁ““u wuii*;wu;d
¢ - -4 + -
1€ o CTER R
TITrst ity 14
I + Mg Lt SR TIPS +—+— H “ to4 HJ
wH ; : ” 7 } + : . TRy .7.+.44‘.+
VYINI ¥0d Iea e SR S S SRR EREE RN R
, ] SEESR sRE A IR RRRRS
- ! 1 - - s -
SEA¥ND NOTIIOWIJAd TUNSSTUL Eaaa i
- 1 t o4 L I TR S
—1+ + 4 H. Lo b
SRR ER EERER R,
i ! ' LR SN et bk s
T SR AU GrED e i e o S S
T e e R SR EEN RN NS R
3¢ O i e s ety an R SR BN AN BRI : I
I «4\~H$‘; & T : -
B RE SN EEE RIS SR oL
A gy L R !
‘H‘Mﬂw‘ﬁ.i‘. ‘‘‘‘‘ ' :
T M -0
Jmluﬁ\i[v# — “ - s » A mma s b .Qm
SESEE Yo R
IR R T T T A : °
I s
C 0 e SOOI 65 BRI L
I - J»_lef +oao e by e oo Tl o
- M SllcEunaEnannl IRE R
,_M ot T “ TH.M RSN N k‘.Q. OV
- e s e W: SEEE
BESEae i J SR : il e
«ERESEEE - rhmwr e g ! HIFRS I e i . Edd :
A S e R ey R +1 EERSaiEE N e SESENES D
A SRS e R SRS TS REEE L i PR
e e b , N
NN B aanasl RNaRa ERENE EECRECENN) EERRRRRER K 0§
._ ‘ . - 3 - i v 1 4 + - “+ — PEEEN H
%MN_., : -1 -H_T)T*,TTJ *H;n‘.ﬁ.u. T‘,:.M‘NNHHM o T N Il R
ol N errnasl ERRSSEER RN SEERERPRRE R I EEEREEEEl BN
AR o = i e S ot i I S S () s SESEANE o : N "
EEEE S i g IR AR 1 A :#,: : . 1
RN abansdd INEEEREEES TS RSN I ! . DR s
N i v [ -p—s b ; - ¢ , T ——h
28 2 -t#. S e espuses SOSEISEEEE R EIERE S P s |
§oSRcEsRssantacacet ISSSEERES R a e e M EE T SUEDEIREEE ,
9 \T\m}.T., WWMT.V V+MNMII.. . Japanes iR} oy i c: - MR A.r“ “ MDD S
#A\L: SESERERS E EE e Ru e ST ERD
A S 1 R e e i :
e e . e e e P B RESEEEE SN
- e + T T‘TL\M‘ . SEESRS S
[ I - g Sy ol y- [ -4 > -4 —
S S o il ol o = s B SRR
uwwr ,Wmuw B SaEassupRess SR Sl B
SeSnacs ST DU b TR RS
- -y d 1- —

SI)

58

WADC TR 54-474 Pt 2



NOIlOZTTJdXQ

L OAD (PSI)
59

[o]
TE “ON
o
TYI™L HOd -]
SEAUND NOILOFIJHA HUNSSAUL
1 . 4
:
+ +t Rt 4 M + , 1 “LU c ]
0% =o1d HEE R e
44 b+ L § } -
: b e s e
B S O G O D N A i - |
& SES=SERSNl seagesesrasemRascE
SRR Y B . b
T ————
3 1 1 3 ¥ S —— 81
~ 1T T T T b 1] Lfbr g it
i T [ O A A r‘ml pam H|H|r+ DS B U S DA
+ P P e TWML FEDSOENERES DU DN
T e 1 Dk fre
iy . 1 S lmulk .fh M J.TW 4 * + H Mu et MTMILTTA‘ 1
y BSERESSERRRSERn] BRRRRRSSEE eEEsEt s
B AR M MDA NN : N T 1. [ MV]
I I ‘TLHLT o J‘H‘TthﬁmIfIr‘
L ) [ G s e 3 —4
SERRRESEEE R EESSEReS
" ATquKH e b 44 L Sk R
CE T 1171 S SRR R R R R R R R E e ‘
2 IR b4 H,w‘.;»u,r* Vo e
} e 1- th St 4t b oy w4 s § JD-
t ~+ — v + —
Ji A NN BN EDANAN SR I i ) G
44— <+y.\.“4;¢H‘“1W;NM.‘Hﬁ‘
R WTIM [ D A ¢
— ;A L S I G S TR e Bl s 4
{ 1 b P O B T S VI G S
S T e e
t +—t++ " &J‘(\HJ\»IW 4t 4+ ﬂ\»yﬁl
- 1
4 > i\.\”ﬁ« it ‘.lw\ : \len‘T. .
m I = - 1 M T LfH.*ll.;“r .4.|H\M “ w\ﬂ‘rl —4 344 Ll i
+ + T o B e e s SRS SR b +—+
1 i 411 U&ﬁﬁﬁm&l“‘u‘uﬁu,ﬁ\ Do TRA
T ; 11ty I el O O O T H
+ ) R SV B RS R S ¢ + W
M 1 1 :
- S e -04]
+4- S R N . m ﬂ + m mlﬁl
. 00 0 B 0 D
m 4+ m " +—
f '
[ o t 1 7 1 1 ]
) ] + 81
— H ~ 4
1
00}

MAIC TR 5A-474 Pt 2




ROIIlIOoFTTaTa

€€ “oN

TVINL W04 o4

SZAYND NOILOFIJHA FUNSSHU

- - !
- I o o]
TI 11T 0 A 0 O N N T 4

L

!

T - -+ Tt P R T y H

!

-
|
i
)
[
1l
MRS
T
i
lIV
I
%
[
i
1
I

-

T IiA
I

L

|
Ig

i
BN
]
t
]
T
[
L
:
SENS
-+ 4 ,_;:A,,_
o
o
af

t
i

Ly
i
;

H
1
|
I
T

b .

ane
ch

bt ‘44'»«‘-»»

-"—vjf?##r s +

Tt

RIS R

N

AN

11 1\

I

i

At e

B T—.’4§~‘711:

! L]
i

!

1

|

o

il

I

t

)1

T

dl
THLTT
T

t

I
T
ot ot

bt
H
"

+
T
8
tt T
;—» +4

16

t

H

=

I
Sas
4[ +

-+
T

a
-t =+
Rl 4 ,
i
i
~—
gk
il
.
1
L
..
}
!

. |-
|

hae

S

L
TTTTT = 06
P ﬁ'vf R i ———t— —4 = hM T T <
g = [ e = punand SRBIDSEEES SEkadBbnnl sanEEEbE S
a= pEES=aanand ‘ s -4 P H - ILA i w JuRgy By »_ ED 5 Sham e SER § e p
= . . : gisaas 1 eSS ERER= RS S ST RRES RS EE B Freer Fo
Z e 1 | Sk T T pall S 1 o U A ER LA O PCREMIE I MR O 0 o 5 g gt i
e T ot o gpSpus T S B o s -1+ G DI I IRIR I I O o o S o o I 48
| M i m‘H‘ITV ﬂ ] RN SNy ey n pui’ e
! ! T D TR ++ ‘uiuﬁulruww SRR B R R =S E=! Eud
s R N o - ] PR e A IRE
+— > T e & 1%» y My ﬁ]lh”r —t—4—4 - wﬂulﬁ«¢m W.,hmﬁw*\ E :
gt e e e T e e e L R R R
: : CEEH ot 1 ‘r\,,T\ — . TTos L . 4. + 4 +
r* . : S ESNSSRSSE BE: o - o) o e s s S o BRSNS SRR R s S nan e g
AR SO Trthro BRI S SN B S NN A 4 o I 17 T ‘ T
e Ty e fREE Tt SansSesst BRI ENEERER FRE:
: ..‘J - ‘- f v - + — p
‘ R St
+ T F r%«r_
11 1
i ;

vT-#*

f
r
1
!

b 4
Iy
—
11[1‘ :
ST ;
H
lf
e
Ll
=+
ay
-+
L
i
TT
M
il
!
1
i
;
IR
AN
IREH
NI
| T
ITT[TI
Y‘l"
il
L]
|
|
Y1
S Rmae

1
T

?
e
J

ji
+
i
! T !
41+
TTT
r
Ar+n
'rHr»
h ‘vw¢tr+ f
1]
4
T
T

T
1
|
!
b
i
)
I
T

|

T T A P SRSNaREEE

H
J
T

!
s
-

:
H
T

+

—— T‘-»
7]
JJ”
i
!
]
i
4t

8l
T

!
%..
!

;
|

f
i
|

;

i
'
Y
I
I
lT
A_m.-{—l,-
T
v
¥
t
b
T LR BN
T—r-o—k&-
il
-
f
!
]
T
Y]'r
4+
1

4

t
f
.
.
|
i
oY
'Y
.

T

++
T

1

!

[

T
I

|
4t

)

+

.
|

tr l"r‘"“’""‘f
—l+ -t
l 1
]
[
+
H
T
i
[
T
i
i
]
L
T
[
1
l
r
'1”%
St ot

T

!
1
t
:
|

II |
i
-
[

T
i
.
'

}
;T
1]

T
i
L]
;A
L{q

T

.

i
1
!
+

st

T,
!
T

T

!
i
T i
[l

t

t

i

|
1l
t+

=

T

t

T

:

t
+rit
1t
—

|

i

|

e tadd
H
RSN .
.

!

i
!
T
|
T
|
I
-
It
-+t
T
L
L
T
+
7 .
|
%AA
[RBR
T
A b
i
)|
I
T
B
LI
IREE
:
1
i
N
T
1

(PsI)

LOAD
60

WADC TR 54-47, Pt 2



NOTITlOoZIT41q

+4
v

il
+
i
1
i
]

i
BERE

fiEh

1
|
-+

I
bt
i
—+ 4
L
It

% —++ b ot v &

)i
-
1

gags
-
I
b
+

* i
e

I

|
bbpwe
bt by
o

"

N

1!
NN
BN

L |
-+
4
et by
il

Ly

o4 b

PPN S
HTH’H"

bt et
R

o
gy
L
;
Tt
bt
L
Y'J
=ty
e
i
e
T
]
!
H
I
i
|
+
it
I
P

b4+ bbb L
1
T
bt bt b
+
|
N v .
I
}
;
T
4
.
1
R
t -
trt
+y
xr
i

ae ST HH Fe i 9
F1 TRt e e H L
] e T R e e T TTHITt
7€ °ON S EEnSEas Hiroirrtir ettt R
- T I T 1Tl TT Tt 11 8 -+ -+ 4+ 4 ++-1 + 1
FEEE L saEssss SRSSEEsissusRSSS R SR nS RS t
TVIUL ¥0d g SEEESaseEITSRNEE: T R
- T RE 11T I 1L 11 SR [T 173723
P T b ! I rtritrt St
9 L a d 11r 1 1 -+ {4 H 1 ++ 444 ]
SHAUN NOTLOH149Q FUNSSHY - B 1‘r‘v“m+r‘” H - wyi!m‘y w*ﬂlr%‘f R
L - RitiadtdREFESEE: =2
TI T tEERT Y IS L A A 1T 5 0¢]
B3 TLEE T sk SRR ; SESERS SRR SERES
EAl HOTE i e S ERSERS S S BE PR TS
P EEE SIEERRRRE REREERERRRY RERSSS SSES SSISUREEES
TR e R ERRRRE RS ERRREERRES SORERRNRTE
SERERAREEESIRER = ! PO ~ - all B REREE SRR 2SS s RN RE s
ﬂ‘m.rﬁ%}*nw#h,vﬁﬁvr b 11 P T =t ,4 wm. w m‘hqm.urw6,l\‘-.»~1°.m
- sasSER=EE HE e nd e e s ISESEREE ERURREEERE RERSRREEE EERERE
J@.LHI”J; ZagBis 1 SR RR=t AT SRR ERERSRERY EERRRRREES SRS
! I [ . T 113 4 + v o4 DR R . EER I B R TR + e e e
ESRITRRRRES . ai o 1t 1 TT o o o o SRR NEREEE EEREE R I IS b
SERRIRS g SRRERE! SERNS} T T TR L ..“. W.,.v oL T g -
FL et b L T e R R R R R B N R R R R B R R
=TT + N ¢ © o P 2 ¢ - -
- JEsEanE jes=nas s iSRS RS BESRER] SRR E EREEEEE SUREEE ESRTEEEE L4
§ e R e Rl R TP T [ESEE RS SEE SRS SR R b
HE S H UMNIITHH.WM FEOELET 4 S I A IS I N tu Sadhahait
T 4 HEHAHF T ] 1SR D S LTl 1 1=
: Pt e cr et b T E S EEESEEEEES PR R SR SRE BE el
ey A 1] EEE=Sg ] ISRERE R EEEEEREEE PSRN SEEE RS
! ‘ S L e B e e e T ] S ERETEEEES SRS EREESES RESE
UPM\Mw|lv\' T +» « = .h_v—»< -+ . - e i ‘y. . + “'QQAI.A&L‘ + -
u..xlu-wx,u,ww&xw e T TR T Iillrr.ﬁ,%ﬁ,é. I EEEEDORERE] EERRERES
Ui S | - 1 JE0 N O O i SR G5 SN T S e 4 1 . i N DN AR S O
TrEEI AR L SERSSEEES R TP QNHH”WUHWML SRR EEES EEE R fil‘wi
7Wm¢,L jnasE RS AR Shaus SRR e +H el S n s i RS NN SIEE I 0 S e
Lo R T et IE el S SR b na s ma SR SESEES R EREEERE RS NS A EE SR
_w‘ S N NN e R S s Sa RS Rn Sl I RERA RN E EREARR SRR S RS EEREES?
A vo—; Tt FAS QU O SR SRR SO =T R
HRS! i SEERc e Fe st i=as SRR ERNEE FERSARERN) EERE R AR
1 - ,IM, ﬁ*vlw + M.L.Hwﬂl.ij k;,TH.T“« HF. 4.% [P PN rwaw’ = s ]
: iy el Sl B R BE S BRI x*ﬁf -
S o ‘FYLHTr* Trrri+ 1 PRI 1ﬂ e e s el F.pﬁf,.»
T ﬁf+v.lf.rlﬁ Twa a7 RS M 13 FEDEDERISERE D ARD &9 i T
SEstepeqigrfeaggian hbn ; BEEEERES ERRRRSNRER SR E! I 1
ot Tt ere + Lt - : [ Tty : P b . ¥ alntris ﬂ y
[ ERE R 1 T * 0L]
. RESS. ‘
+
IESSE.
SRS
- o+
e

—
L
R R PSSP SRS LU SRS,

i - - + — — by M ]

(11171 [ 11 S N 1" ] L R 1711 I ] o
I P o T i Ry L1y 4 b 1 oy i iyl (e el ou iy

r " it . & Yy

4+ +4 41 LT JREN O B P ] U S D V4 + —t 08
HIT H [T 1 4t ﬁTHT. 4 P S al g I S BN 1
T 11 bRt bt IR e e §as
ittt Ji T H ! _ ]
a R ] [ 111 T 1 ; 17
T I SR EESESEERET ! 3

T
i
T
|
[
!
t
f
T
f
v
X
t

<+t

g

LOAD (FSI)
61

WADC TR 54474 Pt 2



v v -
}l»‘—«—-— ‘»T«J‘»t;rf«y Ve d s v
f [1 T'Tr‘HH-%ﬁT‘“LM' e
] ] t ufﬁ<r~¢~—‘v»r‘¢1146‘v S R AR
+ + +- Tt oo b ey TEI e
:, \T‘ f %Yf‘frr—y AR RS N A (3
T v ot 1 R N I T A &
e ‘lu T_!M-q;-»rwry‘ :r-&»ﬂ>$~4r&"\7~—r~bvv o
} ih} T b e Gt R =
. v—‘} T‘—vo—&ro-‘,‘»‘.‘u., IR (&}
N " " Y =
T "'HT—II l‘. Colitpe g
I IIT "'?TTTY""L"’\"P—?" —
P e rTifpees £+ 0N
r rt” R R i o g (12}
g nnpanpnxsndl SOSRISEIGS oanduns g
[ R R R RIS ers S
NRENENENRRN RS nnanenabt) SRRRIEE H o= 2
EENNERRNANINRNENUSES bennenoent EERREAEET L e g 8 @
1 7 H 11 Al (e e el v ' A R s
ERARER AN i i T i
= 1 ISR ab el i ISP RN S S e
- 18 Saiasnenenenatotie 5 RIS SUR AR RN N b b+
- R s I e R R T IE T i
= e e R il kR IR SPIPINS ISR
- ik e TR T SR oSy SR
[ EEETERRES SPRSNNN N SSENEE SRS A
B + e ~'-~“—f-‘r'r-4 R R S TR R
- TR e - ».»»T-<+w I A E R
R B N T KT
I .
t T Y T
o= ! 8 e SRR S D B I S e ey I][ I !“
- ! ‘T—‘ff*v—*\**b—*—kovr%-‘ﬁv e - e *‘ﬂ""' IR Léy
Tt i f%v»—'#v—f—s— BEREE SN .'raﬂr‘».ﬁ H_TI:*‘FN‘“ R s R T
4+ B AEEREORNE ERR RS AR s R M el t
4 -t ot aed U e B T I S ~—1>~?IMH B Rt e o B
Naa T e b“qw¢<vwv>v0-v4‘>¢‘—¢-—¢0> Pipdeas o —A~—f~§—‘e—‘~—4ﬁ—‘Li
Tt »—‘:LI»—&«—»».-.—“» B R iR T J F-e o+ M‘E‘I *
,_J 'l"t‘hj \—"—vj—fka—-fbv' A A U 0"">fr~<¢o LR A 11—7 R I
AR SNENAEERtai R S L L R T —— 1 t ! .‘
? ; 4 N B t T T INEER
_tH ;L_‘FJ' R DR NN N eR: st b - *‘11 r—t
AR E R ES IR DN S Y, Ry - bl r“" H }
sha R o e Tr— ‘H—rﬁr«'.‘v«..... R Ty . ; .,..i.-‘;-.Lh. l‘r‘i“ =
— e TS e A EEEEREEE EEE Y S T e e T }
m HT e e pe e by b E T EEREDRNGS b L 3
f lIT 5“|v'>-v- ~~r~—+<+‘~—»y o RS G R RN S ‘ BmEae e o
-—[ Y‘[TT’T L i e e S U R PPN ; h" I y
j ” S ,“ i e T BT T Y bt vt g M\fw : {4
S Eaam s SO B T S LRI R S R m N BN B .
DRISSRERY SEROY ’ ' T
- ahas alh Sk XN b‘o~l)‘|6 L A SN . e R e ,{ ; NEREA
—’4_?—7’7_'.‘».—-»% ,»r»flo,‘, LR s AT IT R BN R R B e BERAS — II,
b+t -4 AR pedbad oy N T T S [, R P S Y T Tt
S N N P N o e e REERRERE
Ftt =t s 0‘06.‘ N e by F S F e T S _L+l i
i R O e P e I T UG PP + '?: ’T
A SV L EUNY U S e PN . et e e e PR R | I
SIS SN e, [N . P D S S - I
e Peees e - o e PN B S RS N L
. I
+ +
VN L e . S S R R H
" | . P PO . PR PP RS R — S “ ‘
. ' . [ . .. R R N e + ey
. D O DU B S ‘._,,A_..‘44_,_.T,_._,H_¢+,_
e e R R T NI 1 UG SOSNNN b 4
D T S R IR R TN & "
N F e N e (RPN S
. R T e T T O LS e A A I
+—+

N T

P . N R s S o .

Pee e b e e ¢‘>§~—+‘—1—+~9~—+—¢—H—+—L—LL@
e S RN '4—&&~9—f~~l—r T—r%r—k'%*
:]» B I Sl Rl R S ——

M (s TIPS RO NN

e
S NN
O T SOV SN

e

et e b bt ey 4o o

N § BRCIRITE AN RC AP R i AT S o

N IR | IS AN e e
1

B L L el 4_.‘.»4<,4ﬁ,_,.f4

e e
B
T 1 2T O ‘k4.4_¢i_. A
R | R B e R lE (RSN SR UR
P e 4t ¢ DRI R e Hop A g
O G | S """L*'*f‘*“"ﬁ*f‘f*’
. R Y | BT ' 4‘_»#4»}.
. ey RN S | ]
DR A
e e ey PRI |+ + 1
L 1t -1-4
f I A | -+
; N B RN $
! E . LRI 4 -
; I L U IO, b .
e [ ' . PN + 3§ |
. o) ' [ N -
' o [ ST PEAON L)
: TN L AIRNARERREY
i gNT g STHI

LOAD (FSI)
WADC TR 54-474 Pt 2 62

DEFLECTIOX



NOTILOZTd3aQ

9t "ON -
TYIUL 404 . ] ]
SAAYND MOILIALIAQ FHNSSTUL 1
T tH T HH 5s
SEE=a Tt PLUEETE T S SRR
H ; | ] R T T ' 1 M T
m m ﬂmD.UH,* e L =1 feﬁl IWWTA H+ +— ,uﬂﬂ. o u 1 .—Mw i
i b [y T T T a8 0 i Enab o
- ﬂJ,J,!. 1 s ﬁl 4 g+ 4 - - -t ot M w E
T e T R FL ]
P PP Tt SEREERSSS
T T — 1 L = = o w -+ * e
S5 §E=sssEssguERs S SSSSsssssm=s=SNsySESSpEassy sa2 IR BRREEERS
o e B i o T - R TR
1 b”w'll Jrfllg + ¢ -4 —+ 3 1 Ty ML + - “ M‘Tul«m +
e SO (S 0 0 B e B i I & ﬁﬁ%‘f‘ O
: FH 1t +- -+ r + t— . +L1J P et = ST EPERER STy B G
- + T + - — -+ — 141. .T - »L » ( fow et Y : 3 1 g
4 [ . ¢ ' Bt v e 4 4 . + T.I.o,vA
i “ 1 B T ] I rar,
_ - 1i e e
+ —4 ﬂ\v + L»
T 1T 6l e b
L [ O BN —§]
H e IEeEHamEEES: ! SE=SaEBRERESE
M 1 I [ } 4 1 M y
T WW : T3 L ! I = 1 ] i NJ‘WA
- + Lo ' 1 e G O M
et i O ! —+ - T
T " O o B 1
> 0 s 5 1 N I =
SasRR=s RS RE S . I 13
cbies — : FoHr09
POV S s A A 1.1 1 Sas : !
3 + w i ; w_r! -1 + +
Sgaga EEERS I ina Yi
g iT D I i e 0 A O Y !
ESglasaeigRsssas: SSSsEsd S £ =04
4+ + -} F b H« T - (S !
11 5k T 11+
1 b = , 1 EEEEmEe:
y.»“ L-, I —4 L4 ;” — 4~
Lo 4 - TR
T EEE e = =16
RS A S JERSNRGIE PG g - g
S T T
o -
- ~+-] 1 17
T
- 00l

LOAD (PSI)

63

WADC TR 54~4Th Pt 2



NOIJIO03FT4%a

+—1 -
LE °ON T 5
- . . 1] au‘
TVINL HOd EF T .
- . 1 A ,
SIAUNO NOLLOFIIAQ UNSSTUL B S soEasscoggRssEssddscaEs giEssss
: e e oy
10 e L. Mw.w, SERRRRRSEaSS ﬁu T _
s T T R =
o Fe T T T
i sl o LT TR
SRR NS B ] LT T iy
F+ 1 1 -+ -+ — E ] R =
SERR~g==E: EEJESEESESSsEINaNEr of IEENS SRt
Fel b L PR f\ Hiri
SEfaiases Eansases sunaints iEEEReERH MR,
mw‘ S R s o ol st o O O 08 A b rw aa it
r: t . M Tlg %M mf_w‘gﬁ ‘Mfﬁ
- suglsanEiys % SESERREREERRS
: SRESaant s EERRRERARl I Y
SR Tt SRERCeENE SRREE !
= EEguss=sie=cRzEeuet EREERRERD kit
me ey it RS SEESESSEEE SRS L
SEERRER EIASEAR NS RRRNRN IR NRRANRS Huad
SEEES Lnj H 1 HaH b L e
b+ o+ 44—+ b 8 ) 8 O R R 134T e i RS 1t i._ . .yww
PR SRS EEaTARNSEE RRGUEY Hr R e
.*T, -+ T -;u&ﬁ ﬁwﬁr PE e A wLLW t Lm,r EEEws
B G 4t I O SOt o g Sy s e 1 09
- R T R
T A ST i Bl i o [+ e LI
Seessdidis ST
i S R o S i Sy o S e e iy S -
IEeEle, == e ks o
: R e
] T i i -
N'..\Qvl‘.ww.*«l‘]‘l‘ Pr M T 1 w \W u ﬁli 44—
e o) pesd e
: Llul.t‘, -3 ——bms A
t

-

LOAD (FsI)

WADC TR Sh-474 Pt 2



ROTIO0TTd13q

T -
T 2
8¢ "N - 1T :
TVIYL ¥od FTHT R T -H- o
SIANND NOTLOHTANA TunSSHEg R e o - E ]
: - ) T I T 0 I O O S o A A 0 § Iuwl
- b Tt r o 8 B 1 AR ki ahalb s N TfAL\‘wIHIT 1
: NN R N RN RR R RS RO
7 o - ‘»4 TItirrn N o4 R - 1 W\M»;w‘ -1
9% NI 13 MTQ,L I +ﬁﬁqfwmﬁ” PN S
DS B il i DO DD A HENGR SR O I SR
v.rAH.H. .w»%!ﬁT‘Hv‘H %¢w;4+%7» i R
SSS RS EREESS LS SEREERSEI S SRS S & o
F+-4 b s t —+ v T4t e b e e ey S v 4o
ET TR R TTTTTI i bt t e S SASESRERRRERRRGTEE -3
H — I ‘ ‘%,\Hr,,..ﬁ‘.., O 46 eie-a ¢
Sugis : SERE RRUREEEHEEE S I S I
SESES fq*“;;.,i S S IS
- T f‘H He«‘.‘u R SRS SN S Y
mmgs : SRS S SRS EEREESE I DEEES B &
+ 1 IREEERE! R R EE DR R S S I S
SEua : 5.2 g0 G 50 B P R T T T T T ov
H -+ SR [ S Iear ! Polo [EDENEDEE I (VI A N GO e
A i A A O i A B S Tt BN R HM¢ R Priipretl m;;xx +
SeggEs e S eda s r s SRS REgRe _ N R SRt S DR RS R R R R R RS S i i (ot
4+ 4 b+ — 44— - - JR S G - D O 4. - . P + N . Lo 4 1 —gd - RO
e R s s A e ) R AenecEa S IR san s ang R=ER R SR ] ERRRRERIRE ERRERESSRY RE=RECSSES
S o SRR e s L saengs fen g selgersSnadn g eSS IR SRR SR & R ER R R R R Rt P ey
= s S R I o o o o o e e e o I e G i S s S e i EP s yeey meay s e ayenavars 41}
- = ..»No‘yrr 4- s 4 JE SR GNS N M boeovs bl .*,,.H.v; ‘;‘%H4¢LL »H\rlclkl‘;vf
— OGS B i s et i -+ - ITHQ‘XY 4+ R R IR I S T S e k.ALIIYJl.r,
- .ulc S A A S D T L G D S S H‘. b oe o} O O O TH¢L\4 + 131 PSRN TN
I 155 I 5 w0 e L JE S BV ER B Ny A bt [N SR T S O IR A SO 4 ria Y I S
tritE 133 v11 % + LA D A Lﬁ JE 4 15 *1-51 bhan Spas e
AN & et Rseasnagn ==as s SRSl NEDRNEEREE EESESRENES b E Teiripbiigaea
[ T Bl ta iRy al sy ssrs oSS it SR RUEEEEES SN RSN RS FR R SRR S B RS e e m e
. : iw I T MRS ; ; I T S S ; 09
L] .4l RO T P PR U R N H PR [ NN P - - s 4 4 4 i _ 4
Py MLIU.DHfl«KJULﬂ - #MH‘M.H‘LM Prioiriiifiiioitas IEREERSES JERNE R
vw. i vl s s v S B R }4\¢H4H$F + ‘,.H...‘ %f«»..f* - * gy e ng D BN -+ L_
r= M I i ﬁ7 M_Hﬁh e et paw TS ﬁ,: S sy S s ntuna Rl A b Enns :
—+ $ - }- -+-4 4 -4 s + . ' - $ 4 —— B - +
i IJLJ I SdE=affRosgsis] ISSECEE ERRREREERE PSS anatt] EEE P
gty Pt i i i ihdnshawm Sk Se S A ] M 1 ORI A SR g o o i sy i e & : -
i —— } MR 4 r_,wu i1 11 MRS ) I 2
e ne SRRt SRy =) S SRS S S S8 * i R SR R e S Hr1=
B! 1 Wlﬁﬂ._”ﬁ‘ 11 N WA, «HIAMTLL Tttt 7M H\Mm 11 ?WHJHA T + 313
Hate e et S Sephttaast AR SEaRERE S SRS REnnE SE :
Jll\llu< ATvL\iI_Yh — rAT\ T —t 4 " — 43 — —t+-4-14- + - —1 u -+ -1 1
1T u,ﬁ Ul Tt 1 ++ 4k 44 -4 +—+ 4 -4 4= -t
L rrt i S o e S S M s B ol o I IR i o s >
TLTH Tt ﬁA‘;,x_ - YH%MLIT S+ -y A 4 11+ 4 4 +—1-1 1ﬁl. — 1
T 13371 T
FAS
4
001

LOAD (PSI)
65

WADC TR 54-474 Pt 2



L OAD (PSI)
66

T T 01
T TTIL
6€ “oN T S EeSSRgRREans:
11 pensgbaasisas 1
IVIEL ¥od T H PR T g
[ - [ O 0 0 5 QO A A RO TRUE 5 i By Sl 2 g g
. N TTIT +t+ +— i 1
SIA¥ND NOTLJHTING FUNSSTUL - -1 t+-F § RN e Tt IS I
SESasyssiascRescetaii e B R
- t JR A0 O O A 0 5 0 F T T 41 ITTLTTC o]
+ I ﬁ i RS SR RS SR RS Bk amwergey
1 RS S QRN S NN TN A A S G A O + +-4 4 4= JES T N N U 3 . i + + + - -
T e T A T T T e e 0
T4 B A 0 0 S s e 8 FrrEmrmrrr et IR S DEOE S E e I e i
_1- 1 r [0 0 i o s g U st Pt m S NADOE SER A OO A1 B RS T ab i
o T Jriirr H i ' R + “ SRR SRR I S S PR
ERENDE S HHH#. Py [ S DR A I 15 IO Gt
| SRR NS m S N AN SN AR S0 S S ot
- L gt -i- + ey . boeos PR + . Ve s PEEgREN
Sy IV I S T : — + s i O
I P rtl I 5 e v g i A ‘kuw~.$.. L N S
b+t L_ S — ~1- - - EREES . P P . Ll : o ]
- Mw - FT1T1 b 4- m - ﬂ cpog MRS SRR U5 SR LA S S MR LTl -
- EEERE 1 L RS AN
. SSREE: i RS ERREES SEEE SR SR SR
N o = —t—v 4 + P PN . . . .
eSS g eakayiny EERSSE EESRRRIEE EE RN S DG
——— TX‘W —+H 1 ‘fﬁ.dnw‘» boeo ey i R [N ISER
R0 s i s T SEEREEl EBEREEEERER AR REE et 4
ﬁu hn e i s P R S s + P - s e e . - R o -
, L TT B - - PR I R [ L ITIT T
SR rr 1 RS R EIFRINE . T
b-r oop I + — - T Lo v ooy . PPN M T T
eEEEIRs: ’ L 1 ke o e o e e B A BRI STV L S S S G
SRS RS TP 4 punve e ' Lt g b NI ENED SRS SRR it Shlhes SeSsURaP e
~+— e - ¢ - * i I b . Lo . . PR PR e
- - g +— s .
5 Sk SOV Shuip b ¥ ab e r : SN S EPEMED R E O S IIGS S U S A 051
Ty e A SRAE = " ,. SRR S S SEE R IS S S B8 G R
o et S ol eSSl San R R ER R e ==Y PEC RS SRR SRRl e
-+ t r ey S +—r— : %hH [, 1 ,H,T,‘ DU, y,bli‘wTLa et S
, 3 % A 1T i i 7 ; Y ]TAT#A\ N b byl P F AN RO LTI L
By T IS S N ERR R R ER =R ERERERR RS S
- W»L.a bl e by ; -+ . Fi—-y O B PUDEDERIR S SR 5 SR
- I . M T T - + + + V
ot 1 : o ittt ri bttt -1 D R A AN RGN
S A i i B S 0 S 56 ) I GO I BEEE RIS I ISP It S
A il 1 . ! T i O MRS IS SN O A
: ¥ : 11 -+ =t~ o o 1 + s PGP S R B .k NEDUEN e 1 o
— -4+ 4 +—— R pute e e | DR R ¢ . PRI T UR ) DD b
S e &l NS GESESEg I=EnSREREE ERRRNEREES SRR RS IS SRR
Ft : - —+ -+ T T ; T 1t : RS DS D D i
——+ T rﬁ ' et P T A SR SO S JEREDED URAE
EESEn! : S e T e e g T e e e DR e
1 M T + + bl M SN N ) IS SRS E D - vw .t T
-+ + . M50 QPN S D SIS S (N 3 N 0 QR SRS OOre R S0 DD SIS ST U N U S =
- — + PR S 0 00 O e o e ot A S S 20 SRS (R IR S S (R0 8 S DA UEbS i i uy R S By SPRR e
T + S SR ) N S D S T - i NN MR I R A U o4 - b f -
! rroroorr N 1+ 4 e 4oe-4 b RN D G AR S S
T N I Gy ik i i ; o Tty , bopot oy !
" I o 0l it ok PR . -1 Tt s —tt “ oy *H . H|4 H - H‘. .o L R T e R
- T sl il e A e + . v - . -y 4 FRCRUT S (NN D O G5 VIS D DA
m 1= Tr \,va\T¢1+: 4 + .- - . D A PR G R | S
T HEESSSs . -Tt B G ~ MO IS B Hr‘,;¥M T S ¢
1T r [ T H . . . - P T T S, PR — R - P S . y
= “r wJ <T;_T —1-t L, + . - S e e i I e T 4 _u [—
W s ) G GED G _. . N d i — " + ¥ s
R fo e S eaghin b aw RO ISR Ge Saeheh SN ERTIRIU RIS A as b endirin b i A
-4 4y + b ﬂ JIE U S DR SN O G A S . S R Mg Ehg et + >
08 50 5 o 0 o oy o o AL E e B e g (G ; et mliiet b -
S O A A SANG f dffe f  f  s ps  A  l O S A R i S S SRl T T
Bl e o b e 8 [ e 15 e e R s B s Al i
—+—1 —1 + 13 IN|T[L4\+‘ 4 M
- b T T ]
e +
i ; +
S B i
i P g !
1 1 11 1
S8 S8 Ses = 00}

WADC TR 54-474 Pt 2



D
EFLECTION

1Ll -
NDOREN: .
IRSSIRERE: Lispspneaspe
T e tred b dd
T IEEREEY -4
T~ﬁ‘+.i0 “‘*f’“f‘ by b e U
. . - -4
P“Q,'Y' ""1.;‘_“1“:0-%7.._‘44‘; Jl_h[‘f
oy threra HT_L_' u_“” bt
Tt Feptt it feor ke
<441 "'I L'%_r ; ""w—r," ST S !
T fr +lL Inndine A i ks o b .
‘1—u I‘+< by Jt 4t + N
+ + veet 014’4‘.{"— lIo" “"""’?vwm
e Lol T LJW ol
H "T‘i]}ul_ ‘J‘ b
-4t 4 < i T
! % .Hi 4 _pjmg Y
i s ] 4 - —
TI " ‘J tiE +“4-«-.L“*“* (&)
1 T I fT ﬁ‘*J"‘I}t ' 1 “*‘* S Ananas
aann L 1 B8 DORSNRSSN ©
T f~btt-4+ phedderd bt o]

1.1 A + ! ﬁ‘*‘] IF""OH p—te B

[T ] bt 1 P ‘*+@,

Iw 1T U*Y it 6..++ P (@]
EaReNRAEREA NS ROSONN tet sy d
T o T+ L Yt*‘ . ”U*#._ "H“*; ]

+ N 1t a8 . Pt ?—PH,, [
(g1 IR "*Iq R R e : =1

i Y‘rv—vT ALy b b Serfts bl —~.¢_.}._,_..'_HH>-.—¢*‘ x a [+ ] g
. s N trrrt a4 [EpSTERR Y [SROPERAN

ARsaetihia (onsTSIbI I el s tanery

I s ’”*"1“’ Hjhww I *Hh,,'ﬁ L

I;'*MHJI+rwu;"~~m:~~-~~ el

H o1 T BSREGERNS Su RN BOSSaS huna i

+ EBEES RN e R Ly i

R RN $ | s 4+ = 4t

T BRBARN| R AR B bt
T g I - o INORORRENE
BB R . ‘ ‘ ¢ bt a.
o 1 A MRS BRaESNe | ;
e ; ERnes @H"* : Tt bt by
it 4 o] fr 7t I bkt =7
I 1 JRE IRSRSNES ;

SERASANEE SRR t r—+—;”‘¢ | ”1% e

+t i N ! t N -t ——

%‘lu‘T' “w<rrvj~r,,¢*+‘+‘1’%‘4g‘,'sT %1 + !

T ey + IEENEN BEREN I

Fa. el tt+ ! 1 !

oyt JRN SN B e e b . pttt

etstess sterseat RILRteEs Hettstnrlrnyiiasss

RN S N : ” 44 ré“x"*‘* "

T [MT\Y“ "7%—‘,‘.;#;] I D 7 | ; 4t

' 1 ] N L
7 } gt + ; T M L
|| BRI I LR T et
T t 1+ . +
.H,W'T:ﬁ.,,“m n ‘
;yww,uur” R - - T
iL‘ﬁu SRR T RS SO
[}\ ‘r‘—H‘TI‘MrI, t btk
4 - " RS
e - 11 ot
T ses |
. b g L t !
H*‘:{-,—_O_T_Am“‘, N
CT -
1 ITTﬁ_?i»'ﬂﬂ—*,f_r‘ t 1B pd
[ (wﬁﬁ,*fb:+b_w_, =t Iaaann ; s
4 L B D A i + JAS
JLL 1++ HH‘*’A “-‘4—1,,; T i I : 5
T JSeees YA be e
. e et ot e+ S AR —t Ll
! f‘»”* e+ 1l i ot b -+ + 'rfY_l_‘, Tt + I
HT“ v ';o,T "*‘*&».__T_,fw_“ ‘—c*#Hﬂ’**‘f» ; At s '—T-i_l
4 BB o JEDEEE S bt - ”"*JJM * I J_H.*""«‘ B8 4
bt v * - haial ++ M T . +
LT b HIO0N BUROSRRENE B8 SREDN shan SSRNNe nEaaN i
| R SRS RO . e eRge e ISy ERNES 1 X e

Tneasees i 1:::*~;i:’f~wu B sassseagetsantanase saanes mSanieseis

T . - ) H—&'T*v bttt e Pt N SREEuN: B

b4 L g +1+FF“T‘*::W“;'—%H'”_T"-‘A et 8 100! t ‘{”;‘;il ]

e . MESSNY SOSERS " IS I ;

aag ANaaaden oo Ao Bass el Pty et by ] uaEaE NI H

i ‘:HMLL;* SN FByatus - :j'»i,g__; e ] sz man

L t P P 4 N

‘lALi "*Tj:‘r*** MH_A_’,_‘H jua et b R 1 . 1 I I,HII 1
S - et dd e | Jusand seasel eaeeeran S I
1BESi +ido K e + 4 R o b L - BRR + I8 1 }

]]T'*“F%,,"rf"’*H L - B I L_:H‘FP‘— RN fhananchehs JL‘LI - ..‘_+_I_LJ L]

\V,HI‘# r'H“‘?*+;“*‘*4’4—+—¢- et . b+ 4 PRV . e ‘J‘v‘ :1‘

ISR | e rf“'r—uf._“‘ﬁwﬂ, ot o wLLle“l |
\L'*“’ BRI *f#r¢’,41f"‘_‘ 150 DEDAY R ‘ﬁ«;_LLI *IM [
S \‘-I_AT—V"»»‘, 1"?‘%#., *H;*{}»*’*—‘*,**“*‘* T 0o l 1
B 11+ et + -
| e -1 + bt i P R Fret s 10 Ahiadhe : HEm Tl
N ; SSI080: ‘Hﬂw T e O SOROERNYSE B! T
: I‘I£ ”T? b bt T 4:*‘*" 4 4““**1 e JV% I ;
— 4 N + - e PR —+ 44 +
Y JRRN .T! —LT« ; :4-\ ’*w:,_"" .“‘+ H*""",_J_H_ﬂ—" 1 e '
SN EaS - S B S U SR R S PRV § RV — 4+ T
e —getmied TM"FLTHH‘_“ ’_+“~+.h . PRI - T
B e v [y SRR N bk :
N W?v——‘#& 108 DR b kit T — \AII Il i
T N lrr i dhillet o + AR ains =t ' 'I T
f SERGESAON 4—‘—;—‘7*‘“ ‘- GOSN} RESEESE .
: ISESHNAE SunstRRted i o e L ~+
l 12 1+ 41 I’fﬂ‘H—L., 4_"*#"#4‘ S + . 1‘"—"*; —
bt Hed 1N N 4_&_?““-.74‘*—‘4."*‘"*1‘»“‘"4-’4“&‘ I i
+-1- 4 T 4 [ At + 4 s b o+ i ™
A | o [Ens Fyren —++J4] -
ﬁqu N 'TT :_*‘4*"~++**"'*0»4;L**+—*,_.,’_»'ﬁ—‘AAiI» T
-+ i - ' i ¢
Tf ++ L ]_'—& +”H*+r Nesists R + -4 IBNSEI i
S NET T Pt T ~—HET i
R ST
128 4-1““»- *“‘*+;_1‘H**4'~+— l‘r‘-;’ t
r ] Spetets sebnasestd bais
L ‘. Crbes +444 4
8 ' R IDOOEM by !
: il CR ' e :
- ' +IYL ISV NENENS ‘T*l—&l_
[Syaps { e s 44 JL
br dihh LT
Sl “ oy o4 . .+ . I -
i .t*wui 1
. ! .. .
"YH.+’ ey 45.4«“‘*‘”4, O
i et o e 1
el i + PO *T
:’~'84~‘ 1'1."’4'-»"* +
i B "‘TH 4
’ . P L ?‘»J
f
A4.1,f*}
T ENT

WADC
TR S4-uT4 Pt 2 L
0
67A D (FSI)



NOTIlOTT14d13a

1
t
™V °ON

TVINL ¥od T

-4 + 1+

STAMND NOILOHIJEA FUNSSHYd HA1t ]

LB 1) &4 HHHA A
- 4
R b -
~ -
1 t T
- el

— — -} —t— p ——t JWIL‘ =11 -t -

T H = : . -

Tt | S ey i S ol

1t - T3 |- 4~ —

SElSESSRnn i -

1 " T ot o >

T+ + - - —HT

+ S D (. D W R S S O T . 44— o ol =t 4 T
1 T T o e
- siSsas .Uw# SHERESS b=t
1- T THR rr

= B HE At :

- i . -1

444

sl
-

v
e

| ENSORBRSNY B9A
s

T I I ] : ‘
] TT ! P A m\‘iN 13-
! ; T i . t
e +-+- ] i ,“vxT : ‘_.w e 8 m
+ —1 Lv'1 + - ,\ +-rr W
- —+—— T
- T H~ ahah i ‘L\ ED N N ) N w !
- 1 P gmhmERoERE s 1 1
R & . mEuaEEr.eSnunEnNaE L : f
111 -1 - +
s i lﬁ‘ 1 ~ 1Trl‘+ﬂul =
1 i +1 s RS -
pe 1]

LOAD (PSI)

WAIC TR 54=47h Pt 2



ROIILOJODETJILNa

(A -

TVIUL ¥Od T

Ke)

{PSI)

69

LOAD

AR

SEAUND NOTIOFTJAA TUNSSTUL e Ee . EERE N
O 0 O G O O +F + H-
At -t {44 T g
SN TENS A8 N Sy S 1 - PR NS N - 3 I
[ R RERERS NN 1] SESEEsa! 1 BSESSRRSS
0% Junoid s P m === Lﬁwﬁr A
I 0 ) o i
.ML T 11 ] T1 wr 1 Aﬁmwlrﬁﬁii. angll Ibe b [
IREE=y + A § PIKT:!L;TH_ e e
O G S SR ) J SN PERNEN [N Gnaee ! +- ) ST iy e u S =T
SsliaE=aNE S EEEEEREERN NN = 1 IS RAEEEE I ) W i B e
T 11 .- 1 i s Wl 4 - 4+ -1 J\ B rw 4 e
S Sagaas A A W ards g £ EE SN e SR REs SEEs S Eas B SRt
' : a NESBE RS EP R i i SEREEREE S mﬁﬁ#ﬁ Trhtreit s
P - [y ﬁ.;,..Uh\\ N S ST S - b - AIL R
; =g ] 9 g g e O e O L
A P . ! — el e v
[RERGN SN S A i B I O S S A A T N S A IR ERS JERT pQR -
e e ARy aa= I SRR R NS se=a N RSN, gES Rk s
Nl 0 S T D O ] 0 O 4 . 1T . 3 -
-+ 4+ - M 1] m P jr \Tf\%T -
ﬂ erviT —t . . 4 + bt 1 i Koot ,W\.
] e I O o s t bt - e T sl bt ]
00 . 0 ey e B A g iapapy S S - IJN r B4 EBERIR S Dy n
s _ ORGSR Gl & N 4 _ [ W T D IO W 4 i 4 —t — 4 G i p— 4= DM sl
- T Lt} wn g o i A ] le Ft-) Tr 11 S+ Tt Twlu 13 T
- +-4— hlf‘ g3 F‘\‘Tr — .- ¥ srw -
b - [ I gj 4- S EDE LJIﬁH — iy i
L - —top 44 pt Y W & - L4 4
; T w = - 1 .. -
N T 1 ] 1 1 | ,m!.llJ 11 T i -
SEyeay: T e S b T 1 ol

B

al

-t - 1 + t +
T N '
- - -4 4 . 44 S N N 4+ — 4 - 443 e - — {
SREEE= T Tt 4 R SR o v R P el
- - - -+ —§ I R o i —
& - J " S 4
!

J
T
]
.
T
TrT
T
s
|
1581
T
|
|
T
RN
3 4
T
T
J[»—M
]
1y
T
T
T
T
4
N
N
Ll
trt
4 4
+
LT
44

b} b1~ T3 OE
44—
s -

] L} 4 13

a4

e
; i ¢ +

T - :

+ +—4

o

H-

m 2

[ 4
—.'

TADC IR 54~



POV R -

'
[ S I et Sl oo

FOR TRIAL

FIGURE

R e A e e
Co Lo 1y

S s R Rt

[T AP U S SN

PRESSURE DEFLECTION CURVES

[ SO I R I [RCKRy

‘ : e et 47*«4—7—4—»-#» 'vlw“v‘r 4 e
g N T et e o ”’*“'YY ra e
?l5 R R e yt‘.»ro‘yé vty
[? ey - D I A .o.r»<vv“0 T
. [ N N AT -]
e R A F TR TR EEER RN
; . bt .-
FENOVID U BRI SRR R AR .-

L
T * T
J‘_L,,. B R e RN AR
i

NO. 43

T e v TTTTT] T
BEESELA SRRRSUREEY DUDRARURDY SPURORORE $ERR00RPOE peussERseeERIAERRESRARSS
I ?'\‘” e b IRk i e o p—&‘r-yy«rr»—»»-»—v‘ v ESEREEN
‘1 i R e B e e R st st sk e e 1
NSRS SEEIGN RUNE NOUSUUENG MG SUDRPE NERSSERSSE 5 R g e -
J;L.‘_,_‘_*,, RSP S ’Tfi’w*j' R RS R i s B i e =1
‘x T bt .-,.414‘.4‘..,.“?.#,&“‘44, Bt AR R e [ el I o T
f“f‘ < &-TT—~~<~*- o—‘r~+»4r,y I il Rt el als «T—r-al»~~—‘v~ ™ T
i:l l ~4—‘—~—m~~+r»,‘v1‘t Yl: R e DN B e Ll ’L Frt i l'!
o IaaaacKRRE SRR KEESE R I R st et 3 ARl RS B i

T AR S S ; A
H %g;‘ﬂ-,».‘.ﬂ.*‘ .,..jr,,,. GRS M “Tl'f‘f"'I‘*‘f”,”ﬁ‘i‘YL“’
4 -+ I + f"’""" ..‘.1‘.‘,+y- M = R ot r‘[
# TT 71 + t%ﬂﬂr—v"fr‘&vi“}b< D e B e A e e {]l
t 1 - “i R R e e e skl S i A B Rt SRR o
| ,44—{»4——,\»“ et Jtt'q-wi~»—v—-+1-¢—«b-.—»«n<,.o+.,.~» _Fr—l—,—a‘—.-u»fr,-»»HHA-ﬁ
+ ‘”%— IT bt o+ gty Hri-r*‘«-—# ke bt 4 e + Aty T
va‘T-’—"QV’l“’?“'T'v"r"W*H *r?+.—¢-y——«4»‘-ty—k+4~oo el
l“,LT— PR AN 'r§>ﬂ7>v»—<4»4f<f~'?v&$v4‘—->ﬂ‘~g~y-bf-*+? ‘,; + bt s 'Qq‘kjw,
‘YL.L+‘M letrl‘fy ¢0un~~~+ro‘+—>7—~4—+~»—~—+<r‘o—++f»—~—ﬁ—¢-ﬁ-‘¢—v—~f+‘—‘»—~‘—o—+—»« oot et ‘
f‘ BN ey , ‘ et — it
++ ILﬁv} RS A B Rt L el i g R -‘-»*« +—+ f-r-f—f—'
Lt aUR IR IR I B MQ‘M' T B e et o o ok o o o o S e A o e 2 —-»H.a_4—4—-v—'—r<~ok'rf—f+-—r—o +
il IR R e R ek B e
%.Jo'u Par e e e ek e ~.‘.«++4-»—ﬁ~-->,‘—¢-.4.~f¢ B e
4 %i,,rxlw T I S T e e e R e DI
| ,rgJJ,f;*' S ek L S e o e e P S R
# T S NI R e il sndh ey el e S A
+

DEFLECTIOX

P RN S D D R b e e e U UPIPUIITER NS S
i } [ PR L S e TR
b by, " — ‘
Tl 4 P e R SRR I L I L B il PRI e ST S AU S R Y
SENEARASeeesusnss EOSIORODII DULIIURRS PRORUDARNS SROSEIORNE SUpURS: Bl SSE0ORNNt DRESSS S
1 H“”’f‘f*‘ R AP S e T L R e e B
"il"' F T S R IR SRR I *.—‘-..4‘.-4._;-<>+-¢—-¢—+._-,—<-L,
L N D D O L o EE Rl SRR FURINPPOY S D
‘L‘I,qubwv,_.as,- PRSI IRV S s N U SR I ‘ot
T N IR SNDORRIR RS B Ll EEE R SRt PPN
jBuniune SePAOOPRY SUoRiRaebt SRRSSRESHY FREDETES FSSRRES: & 89St o8
Irv“ R VPR SN e R R e AR SR TR AR PRSI S S
it P
IAA_L, [ SR T et
,‘#, [ L bebal taan B il - p— ‘IXA
s R s bt +
ft-t wbbr : ke . - . ) U
" v i
! b ,,.r,,_+_§,+_§_.7_.¢_,_¢‘,.x.. .- - " —+ _%
o B e e an o ‘H‘»..a‘. . R e
I;T_L et ) N ST . . . [ i
T R . . { ~
H btobagog e . USRI R
¢ ¢ 1
T T T
IR T caem b
=l »1¢Iv+~4» L2 s ol e gl o TL
SRR RS e e +
ll-wt{‘you [ +
FHip bt .4‘.4‘_1—4},_1
t1‘+QT+QQ PR ‘L
YU 4
nuwu “w"'flT'
v’lY«QOOro o—*-rj“A
ais) e
s + -+
Y EEEE T*'[*'{‘*”
gt fhl
'?‘HI'WT" T“
o{t,, bi+r + :
+ *—«ra»o' 4+
| f+t¢~. N‘T
41‘,»”—“,* i
TS JHTES
(1 NS EWE ., {8 -
" LJIlI i " Ll B!

LOAD (FSI)
WADC TR S5L=4LT7h Pt 2 70




XOILlLOEITJIXGQ
I T 17 T I 17 O
I 1 A D 117 11
1+ 1 L L 1] L 44
Y o e nTS s n S ;
e e -+ —+01
ﬂ-HE. 30d [ R A (A 0 IR
QR G G 0 A o A A
STAYND NOTLOATIRG FUNSSTUI /0 0 o i v Tr i 1 - -
T 11T 1 B 0 0 0 o B
m - e S - TIT T T 1] g T
SEmeEa T T Tt S eeas ase s m—n S
[ 11 aT1T1E (1111131311 W{ I O A 5 o A A O A L1 4 4
2T a1 ESak A L T e e e
Sudmn 0 o A O 0 g ESSYNE pNbheweeas eaReS e
0 i - H PR e s s e o O
-t - -+ — t—4-+ 11— - - = — +,4\H0 e — i.‘_”H!i .
+ B e o e 2 G S St —
FEEr I T 1rlE T+ T Srrrag ITr I TS i
4 1§ - L+ 1 1 . N 41— -1 4 - — 4 —~ 4 4 pup—
L R asSEsasdsas] T e e
RS & g = + ot 7 I 0 s e e ] M Ly t1 IRER I 5.4 b 1 Ay S ot i e
Fr et o r e O g G vl o O S O g ISEERSE BN sind = sl e
- - T o LT - . H S A I e i [OUDEEE
” - »,YT ﬁ 4+ 44 2 4 — ﬁ - — n‘% _H w $or o e ket e e ~ v,TLwL.,..olYo,ft ..
,FIFYF_LV - M S S . T T T i [ IR SR SRV I 3 < ] : A..!O,-
i Qe e i G B G e o o 8 EES umunninnns i T e , i
- - T N T W T 1 1= 114 HM BREE. . - :
o O il o S - suENSEuSul S Ee B ESEEEEEE IS N e
o S = e el S e O Rl R R Tirrg
S ERaY Si ehurapl e & A P a i _ -
SSSas SEEES SAsT RSN SR S s S A
$ - 4 +— + T + + i
e e+ b Lo T LT . B P f ﬁl\ﬂ\*\‘ﬁu IR RS as
T Arlvmﬂm,nwr'hlw$‘ L - - \\% I H hLM %HW %+~vw - H.HL‘?“LIHMHJ
ﬂ s eas : A e
i S , 1 O S 77 5 S S ol e s
s S des Sy s ' b e e e P AT et
S G n e e Cri i b P e i P R AT
e eas SEsSSlan e S S L e e e e e
AR TR aa e nE S Tyt e A e e T A e o
. e BB ne S wl Sy d [ aus Sl 1 —
-+ 41 wl\v\rlt.w 7 . R - - 4 - rFAW Trriit + WIA\L
: SRSSEs B ni T AT SEsy S R
g FFiLY S8 H
- ama— " N 0 0 A 0 4 e s s i avals b IT - — 13
p N - et AEmpe J3F e - + d P :
- - T T VARSI 4 bt — k.
' ; - i + HEE : S S
8 I N g o s O I
- I e 7 0 S S S O b+ 4 H
- B Y I O IR J CASR NSRS SNk SO I L —
. - + \un,lwmmm,mﬁ 3 v, .
V45 G B D oy o2
vxmwﬂhlﬁ . A4 EH ! A
}
i

(FSI)

LOAD
n

WADC TR 54-474 Pt 2



S “ON
TVINL W4

SHANND NOILOWLASd TUNSSHUd

NOIJLOTT4d1a

+ .wj
b - mmEm i in
¢ uno1a E e : +
s H H T
I 11 Q.Lu — -
By B 1 0 O O o O O ST
== = T -m A
| i F - »
menaly p O o s B 5 11
1 u.J._MT.. MpS ﬁw[l I QU S ]
= T 4] s it 17T : :
[ =4 SRERERES, I
- L _ PIITTM‘WAWH#A* T T 4_[.]_‘.1
——— JERERAME SO L‘H LiIfwA]LIIQAl
1+t e anT I = A 1 ot
o S (et st S SECES #‘44.1\11 4 T+
T F S T B g
L334 +-1 PR +- ?H.rlr \Mv {1+ttt ~+1
. T++1 1111 [ SEPUE VOB 1 e T +
+ A s s ywk_l;wo.xupr; -4t ‘W« — +
H R o e e
- - ——— 0%
. Ral ‘Wﬂﬂ s - T NJHIHTU [ EE Sk ot bn
- -4 4 f‘Hl.I fOT% R T
T T - 4+ b b -+ 4 4
- SuS EaRE 44 OEs l.vJ 1 1jru,‘|“ 4 4 H%iﬁrlkflf\ruﬁuokr“_ ﬁuvlulw [ 1 .Yu,lu
HLTL T [ - \M!f %AT 3 rI.YIrLJ b L».H*nl,fl Jw i H‘% —+ = 41 i
I 11 AHFW IA*H ms 111 . LwalﬁLﬁAL ++- 8P4t t M PEBENENaEs BEB ;13
4+ Il L 4- b4 -4 b b — - - T G ., 44
o i S S e ed RN R R e s s +
N S - T : L T T JEPANEY Ju ShoS Snene T
JUB G SN Wi G4 ry [+ * ] A TILLE ?‘H\W#H i Hea A
L TTL’TY Alrllﬂilﬁ + i L. 1 ﬁ* b33 - w.& 14 R4 : + 1 - - ~
o ! 3 Py 4= TFr J3TI- -+ 1 =11
+ e 113 H e e P S L R R e e H3+
S S SR AE e T 1 S I Oy DGy O S S G | - M - .L\Lﬁ ,r%lT.T - T LLJH om‘
+ — + I _ A ‘ 1 T L D 1D 0 U 0 R ; 423
- ot Lo . - == Ftoer + .ﬁ m LTI T r»m S iy T IR e T 43—
- + 4 H WPEN iy WS Flr F 4 B 1
b - . e Amm H 1Tk.ﬂ,lelr P4 441+ - H — (H.* Jm
I - F ] T LT 1T ) T _
¥ 1 3 4 4 4 Lo 11 W« -+ +—4 ]],IHJ +-
! TH T - - i o e - pen g e
e err b et e e e e e . ‘uf T Tt ! .
A G A O D O B T - ] 7 JO 1
,,,,, - 1Ty i T 5 o 1T s ,
B O 0 O O L~ I FHF - + P
- I i
] )| R
— 8 A O 4
4 ——t—

LOAD (psI)

72

WADC TR 54=47% Pt 2



NOIlOo¥TJid3aq

9% "N

el

TIVIEL YOI

SIAUND NOILOFIINA FUNSESHUd

;
o

-

BN

%% Sunold s

L

1

4

AN

T

77T

A4

+

IBERE

- 1 11

+

)

Y

.

441

v

LOAD (PSI)

]

B!
JREEI

7

1]
I
Il

B

I

H

WIS TR 54474 Pt 2




ROIl1OoTT4L&xXa

LOAD (PSI)
T

T T 0
+ Y
.
L "ON [
B (R0 G S S GG O Gy OO SO {
N -+ -4 1 T 4 + + °~1
TVIYL HOd e - i T 1]
U W g L 4 - T 3
- Irl*lvlr S ——4-4- = } 3 -
ITW};' ‘4‘» + —- + + =t —
Ly P S N
STAMND NOILEIIAQ FUNSSHUd P I O O C BE m : .
} M} S L+ - 5 I R
0 N + 14—+ Y rlT:JT - f g - e L 1 JLOI .
F——3 et T SR NN S D AU WD [ D VR SIS S ) ~bet [N I AWI
4- T — + ‘4L\L‘HLT+1T1 .)W R e o 4-4 v b4t rIITL\IHHHHTT .h‘ll.ruele ;Hl.w\. +—4
g.UH.m —— } 4 -y R O e s f o = = SV S AU SRV B R A S ?¢+HJ» 4
-+ 4 A—t +— - + lﬁlﬁﬂﬁr\w\;. 94.~ - ﬁl d—bipd 44+ =
} + — - R . |ﬁlTx S B e R —+ 44 B e e e i S
Llﬁﬁqu + S e S o okt N S R R T bt F I S $— Al +. e
+—+-tt t ———+ — i fﬁﬂ . L R R s e e I s T
e - - s o+ 4 =4 — e e T e e St SIE IR
vft.r+l|.w~ uL 4 1 H [T ST ..H ﬁir\.!‘l..ff‘ -t s ‘LLHU
[ -1 113 b T PO s > e RS S S S S S <o g sty e e s [ ADARERERIS I (4
1+t e 3 PR + S RSB = o e S e ot SN,
b b —¥ i S REIRILIES I SR I T U S =
[ O : pg g S0 D G 5O S SR [OOSR QIS . AV
4+ -4 .‘**yalﬁ\l doe bop oo . b 4o 4
S P S . - B I T T e R e el
+ oAt B e et g i 3
-+ - : + N N T TP Syt + T - e
-+ J T + Pkt b : :
o D A L
+ b e .
+ LLJHMH”T‘,-X =
i S Esa e et
WMLI* b —+—+
4- N U Sy
[ e LI\»Tv =
& SO SN
: ! SR S
+——t = ~+++
H f— - —
M JU O SUGREDES )
- S ﬁTL
- E + 4+ -} -+4
[ 4LL!!T e
s e e
- 44 4+ 4 S S P S N
R T [ e T SR e -
-  F 4 B s ol SN B
1 Siniies - -
§p=geanas: ‘
: b— NaHlTTYiv& - T
S - -+ —t 3 — - N R U T S — — . 4 - .
= -+ 4- —t LMHJA‘WA“I 4t r »,J.“lﬁl» . - .;\-TL‘L\Jriﬂii 4
|- RYED SIS S N S R WD S 0 NSNS R0 SO S - + L IS GG § ——
R ey e e T e e e
B e
PRERGREE +
- f TV
IS ! e D B A
T — | 4 PN P B
) 1 1 [
i i .. IEREEE B
I O D {1 N | 414 4
O D A e o013 1 J
B 0 0 O 0 O Tt | I
IS S B A i I O T+
1 1 g B
RN S ﬁL‘
T -4
f 1 )
il
1
§
H
1 L
1 1
{ 1 H
1 1 1 1

WAIC TR Sh-474 Pt 2



ROI1lIOoYT4d1q

- ] T7 [¢2
- 1
8% “oN - I
- I ) T
Fir S . ~ ]
TVINL W T T R T i —-O0H
e SESedl e e —
STAUND NOILOTTIIHA TUNSSHHd A e - I e,
Sumgs . T e T
aea T e e e T e
T - + H i : ]
— R I S T [ _ T * + 1
I T s A S RS FE RN R S Ra s SEERRRTE L2
- T T1 m O e S HHﬂK‘f%H 1t S S
- o -N% 1 11 AT.;ﬁl WHJMA!+ fﬁ» _ e WﬁlvmﬁlwmﬂAT,J?fnlvl.rlo + e
IEESES LT SRSt Sl et S
4+ 41 1D [ O 0 O O O + 4ot - g . EIE O TR NPES SR
) 65 S0 SN I8 45 S0 1D - N L 1t 1¢ I T1r HAHLTJ H\&,r e T e § L‘brﬁﬁi 1]
SSEisSIansas T B 6 o g O e 06 ]
- T H 1 ST asEDEDEEEEEEE ERR R EEE ) REDESSE D
T e P e R e T S = xgEes S eSS RN IR SRR SRR ERR RS ISESE
D I d°r D S S N - T G 0 0 A 1 0 O e ¢ DI R I O MDA
N e : T 1.1 SEEE SRR R E Y R R e b
. e o - L 0 O o ou ) S O ‘:ﬂu‘ﬂﬂwa‘.‘.‘f MMM
+ = ‘ - R NSRS NS N RS ER SRR :
» - =+ D S e S T TN R T :
= 3 ‘ ——+— 4 4 4+4 44 L L 45 —4 Lows w4 B F‘H . i
13 i «\ v CT T T 1T 111 ‘Wl‘ W H ﬁ H + 1 -4 Hﬁ4 .‘M
1 - - JFEIEL T driitittireig : BB
ol A e - [ FHEEET NSRS ZSERS DGR o0 ol s 40 o 0%
1 T T o IS0 0 o 0 o IR RN B 105 gk Sh i i b ul d UDI i an g autls i S0
: N T ,w + + e
D SN A I +— bl o S0 ah s andh o IR EEE R ESER N G I IDOUANR TS
T S oy 50 O e - EgEyae H -t 4406}
It i A - Ittt F1I1Y ”% ot #ﬂl 11t %wv i i S } 1]
gages: o ESta ! TP A e P B
1 - = RIS Eanans ~Es Ry Sh s nuEanaE e
[ ] S . - T i - - 14,, § ggs B ) (o S s = e - *
1+ 1] O eyttt — 4 HEDEREDESES I g g0
T Tt - S r ! ¢ - s
- ! O A o N e +frrL JRSRES adds 1 raviinans - 11
S g A e A A e TR P P
[T 1 : 1 I N . AT 171 T + IS
b it 1 NSRSy pgunmr ; e e
+ 1= ~ , 11T r T
H —— . . 8 7 o ol o 2 0 O o =
+ 1 - -
17 I T T ] 4 - §
1+ - At e
- —+ » 4+ -
. ; T 1 1T
- T +1+
1 —
: - T
e
4

(F3I)

LOAD

75

WADC TR 34-474 Pt 2



E0OIl1IOTTiIxdg

o5
T .
T
T
N oy
T S
6% - T T b fols
1 T T . WHMH
T T 951 - P
TVI¥L ¥od ] T S SRS R En i l e e, i
—+t ESSSESegE SRS S ntl FEERRRSS S
TTIT L] il B O S A A : 0L
SHAUND NOILOFATIAA TUNSSHUL -1 i g e o ] | o Hw,wﬂ,wﬂ“” 0
+ PO i i o i B o o S AR B - i PRS0 IR SIS SR R D
o e o : PR e b SUREEE BE S S SR II SeEI
T -+t 1+ o I S S O SR o G S SR P+ M A S o ]
AR TEE a8 R EESEEE RS S RESS SRR SPE RSN S S
HUMLd ! fEeEeEa RS PRt ERSCRESE RS SRRRTREEE Tiooliig
[ - - -y T B
S I S Y [ (D NP (it (Nt (0D U R AN ' Tl T 1l D S : ' ‘811
L 1 : e i 3 ST \
L1 T — +- 1 BN U S N : b — PR G
3 IR S N YT TrtrrIitt |n ondblEEEE B R R Eea e T
T L T fTAWrul e T R F S R SEEEE!
SR s Ay § +—t—+ Tt l . 1T = 1 va;.rrjlvj_‘c [~ 1. ,r*ﬂhﬁ, . : R : ..‘Hiq. r‘u.w‘o N -
+—4 = +-+ 1T | 4+ 4 4 L BN G va.r L; LI . . Lt sl oot ]
SEE=ssass L e e e e R BEEE) ERRSREN] SRS i s
114 : T B0 S s A SRS Le S . . - 8
= I T 1T o1 .\.HWHVW ! .‘Iﬁ vl.vrrd,r it »T»ﬁ. i .lwh [, i .r+ 3 H —t— T R HH\m\o.leﬂHletﬁ
H H + 0 * 3 1 . o D e . . R [ A G
SEsd T T R e s
SEEERENRENRGE NN AL_‘;h‘rﬂIIHTY.IL!rIHf» =8 IREREE RS ERREEERE _ -
] - 3 “+ ¢ w. r171 1 i N S T S HJ i D (M N MR
CEE jEae==Rgaay ks HAW@ T b B e SUSES R RS EERE
o ;._Tw 1] .M% e 1 % .wxﬂ% = .r4 i .*v‘rlr‘llfurfir& -+ hk“ Bl WM TM C M“, Lo “ Yol
3 {1 b 4 T NS = - N e [ + T 1 :
T S SN U QI SN AR R e Hr# .\TILLT,.Q\T‘.H%lr. ol S e b ——— L 1 PPN
T O N B .. ik 4t -t 4 D + sy Tt N
RESREr i , ﬁr‘ IR R RS R ESRES Prplpptieniety
e il ER Pt lerrri e b s iy P T il o L
LEREeE e s b e L e R P i
- - N R . b e 1 1 . NN OO U S O ,\A.rﬂ ~ ' : : q ‘“;v‘»,w‘
- i+ P N St i IO 0 f%r%%ﬂrﬁf‘u\;;. * :W 1 %i#ww.»ffhf
+ e etESS sanmEdIE 5. RO By B Trivtiictt it G O i e ahd e o
A t yhrLrIM|er|5lfIrv'.wto.‘ 4 A A S iy 1 Awa'..,_, poeat TIEE Y oo i
4 T N e & JE O S S ~.V1H;»Jipl, D + e bk 4
[ 1L —+ T o el LR R ! .M —— o rma Tt *ﬂ.-.“wu%¢ ”‘AF;.,».“‘
R H — 1T 1SR [ = . N P I S & S
sesg= ; teceasSEE i RRERNECEER UNNREERES FERRRRNEE RESSRSEES SeSRRUS RS
L St e e s SRR NI R P
N — Iﬂ\%\_ 3 \+\* Lo f -4-s S| L+ + .0 {1l p by oo IR fRAI A
—— e ] | 1+t Pt . T 1 ~ \LM H o T3 + u‘k B ! Vo PR 11+ \ﬁ] .
1 T ] - ‘THJYTNM b - * \mlHAL\ o i 0 JH *F* ande SN IR A B # IR ERES o
1 ] = HH = L g I RS ae il e L 14 11 MLENERIE TS i i o : , P B
- —- ? e T,ﬂlﬂ{4L HE Loye L4 ‘%o Sl b 4.4, n L - IR RN DR U — ; 1 g H_‘
N s i s i S il s SR ST I ] IiﬁL..;TH‘AW‘, P IRID AR S ¢ 7 T+ O PR
== T e R e wﬁwﬁiifw Gih R e i o
A S L o s HH,JLW' b . ##Lw, H% _!H.ﬁ.wru; + H.Lwﬁ i,;?ﬁ.T.T\Hk, S ; + o~ ‘Ll
s Sy epapal d 1 %Hl T TL JH e IJ,F ot ,H‘Mﬂfﬂﬂ,ﬁ%#w ,m.u» s L@w W 1 B EPDIineS I
T R g e a e SRR SR e R S T ] [ e . e )
_ P R e e Il R R EERRE o 1o Se—
s S D ,.‘wlw s H ” —— ML AR APEDAN SPUSIR B 1 +
- = b4 s - oo Sl Tt ra g ; +
] T MAW‘LP + T+ i r,ﬂm‘wk AY»Muu,Tr_jr pasy :
(] 3347 hubahandbal S : 1400 i B e A 1T
CH R T Emis H
It 1 - 13 H Q
4 : T +—+ bt i .
1t I H -t ¢ _ —+~ —+— +
1 T 5
! T y

(PsI)

LOAD

76

WADC TR 54-474 Pt 2



NOTIlIOETJddQ

T 01
- n CIL I
‘
05 “ON i A .
s 't T = —1.
SRR +
HM.H MmOE B JO I O G ) 9 B R O B 0 S 8 O ]
-
o O 0 o 1 CTT M
SIAUND NOILOFIIEQ TUNSSHUL Y 0 A CT 11 e
(1 - T G I S A o
-+ 4 S W . - - - S - -+ 4 41— Frol =4
SEN - - R TR TS - w * - BE R : T.LLIJAN.“
11 1T an RENG o [ . S 1
4o .. S S S O 44 4+ L G W
MW ™UNMIS Almpn CI T i oat. t1d o S A ‘Qla_ DS SDEDED SHUDEREISS N S 88 S
HHHE : SEE e ARG SRS E=a Rl FR RS R s Smmdta s
T rrrry g LT T ) NN A D SR ARG 55 0 SN SRR
41 - TEEEEERL L cpetrrt EESS| Ir,wTr»?TfTTTHwA
F bk 4 1 - ) R —4- + wa‘.,nfw‘ = S5 2 S E & 34 ‘4 :
1 B B O ﬁ Tr u = =2 Ft IR S ﬁﬁﬁu :
LT T dTr T AT e ‘f; o ER S SHESIMIRES S &R M
- - NI = oy g 50 1 Sl o o o o i PITTT t BUS RS SE RS
.u%fn@v SRS 8 iy RESE SESRSSRES ER RS
U — - |+ L+ +—+-F -4 L 14 4 t-t- . 3 P . w B . 4 w” 5
44 - -1 + -1~ FUNOREEERAFENE IS [ R + o - T
T +HE b ; RSN Slie o o8
T 00 0 6 N IR0 BN 40 el b D RSSO 6 & I 0 I > gl armmin ek
4— I N L T =R B + L TR TR IR SR YU A + —
o T SESERS! 28 SRR R SR SRS ol B e m Soe
[ I T J1 i RS JnTr b ' v VDN SN e e T 1 1]
S B R BT IR SR SN , ; iy —1-08
' T Een gy B e I RN
] -+ 1 — L it “Jf -t
! I A FERES S 5 S A5 U5 SR ARVIRIN A% ERE
e Pl 11 Tt [ L.
BERE H C PREE (80 AN ,ﬁ [ Oy B H
T gm'd ) I] 1 -
i I»H-,r [ X" «WHH?A#,.. T H,Lrﬁw_.r
— T ..ITJL» I TN [ M ! L i
- T I i + 1 1 TP fwriﬂ:. O ¢
3 DSy Wl G $ b bbbl TV TITE
1 T SEnliea e Sarm T : ; 1 O U I I &
+ 1 1 T ) 1 r‘H\ -+ 24 FEpan ke e
b . 1 S N 0 GO A O™ A A T PO g Sl S5 4 B BRGNS B A1 i<
Iy N S T + ! 1 [ AAJH *wﬂ.‘,, RN
M . A = 4 4 B ! i B S
- 23 SEEe g e eeE SR E SRS FISRERRT o0 So=E
1 - — 1= 1 I 0 Y W B 4\«‘ + et
bog 44 —— + Hm - m\,N S L T *
t : B B
- 1T ” .‘A \w ! W‘%AA ,*\«‘H 4”'»
A R T L
M e i 1 UGS S O SN S N U SN (8
S U G S A - t 4oy 4y 1 ~t--1- \.,JAUVLTAT
BE SEJEESTREERgSEEI=EE S
7 -1 I~ A 0 O A SR +
: + 11
5

otrd i

LOAD (PsI)
7

WADC TR 54-474 Pt 2



r
EEazsse
!
] i T e L v
g : T r B SR ARG 77 01
c . SaBEESa ErHE B e e
15 *ON it e e 1 IBRREE &S E .
. . T ———— tyt . »e bt vedo 4 I'17
1 MO SN0 S B0 4t “ R L= t
t -1 RS LS S S SO —+ 4+ 4 } MR +
} —_ Tt ! : b+ 4+ T i.Lf . D
IVI¥L ¥0d t F ot T -3 : RS b SRS l:H‘HIMHLT‘ b
i - eyl Shu b SN SO o + M b T
.ivlflri —_— DR SRS B o g T B ; »
STAUND e e S SR RR R SRS PRSI a e S ok
—b— ——— i R St di o o + + 4- - e N B
NOILOETJEQ TUNSSHAUL ERennte b S a SR S8 foriatt SES RISyl e e
DTSR SN S s b e kd g S SR N S5 5 S UL b S0 S G S| Y
SN Lot i I S [ S e 173
1 senanarenail SNERdaE e i - JUDE S - S 44 HMH» IR B 1
PR PSS S S S S . N 4 b+ P
. L R i el !hhl
et i [EDEDEE T e
D14 SERRRE SE aa
Loy L ! X bir
oo H M o N
be b v [ B
S N ' ) ¢
- BEREENEN IERER R 'y
- - T T + + . b o .
SEEEEENPEE S=reCoo ey EE % IEARE s
i N T e s BRI i
N T 1] T+w»m+wrmkw $ + T+ .
—- 4 4. e pe - PO N T <+
AR e S DG Rs N S : ; e SRR
— _ A o ok- R . PR .
R e .f.+r|H|« o + 4+ P N RGN D I
s e re s SRR E = R SRR - T FE S D HE
it . — ] R BB EEEE Ve e
B B et e e I I aren e v T B R
R Iy T DR SN ~ . .o . . .
T S A bt L IR O e - T P
-+ + .~ It in Tt beo H i ‘ e t -~ S ee w4
T S o o e o 1 O A SREERS! ESe=SEN B ] EREE
b ) k#‘r;v. T i «.+|Pw 1N R R S EE EPASRP BEDERGN N
.IPATI‘.‘ITT. I LR I B [ . i : * bopodoe b UM e -
e 1 T PR : : b b e e ‘ .
: RS =S SRaR S SRR NS s e e
Y . + ‘ A - i e —+ - .
P} . N m‘v rwm., t-io o+ . MR B S N
4 D ¢ i e I N NN U
RSt =SS RN NS RRRRER R iR b
) > B | I —_ .
N i!ﬁ s . S + - s M N N
+ 4 -+ EEENGE SRR IR R M ! :
+ b } . + e ‘e e il . .
N >l . Rl e e R e e I o . . ~ -
t REPEN 1 1 + + PR
I S - I s |48 "DVl = - D
To bt ot - e e i ! BT e o S el
1 b ol B Vg * - e o 4 ,H D Y \?.' : -
i o SRS BE P SpRSeitag igwe naies i i) I
- IR A PErETtD S T A v
S S Y e 4 TSI Ll\.\jl’w 3
ot a4 4 RGO RN R S S NS ' 1t
NN b s - PR ¢ ‘ -~
[y S DR quen b o S SR R InEE
; — RGN ENY S
+ -+ o SopR Sodnel su EREI S Ebhpuan )
- RO iy S, =% A s s v S S e
N - o R ” s maueling N ‘ + i
4 ﬂjlv i AN b godin R AP EDEDETEN st 1 ‘
- R ; HE - D S S DU S S S ) —
ol gy 1 M M ! h { ,v : et + 4yt < 4 T 1 :
+ 14 L ¥ 1 + + 4 i + :
I+.I. _ L M -
ek " \ . ¢ . 1 + , H 3 T»NHINI‘ 11111 gy g il S s ++
4 f- i 4 —+—t - [ 1 + + v —e o ——p A M 1 - J O S
fl t R WS S A e S e el il g - ‘— M ]
[ L B i e ; Nmﬂ e el Bttt T =
1t | i o e e e
4 J U M .
S 11 +1 1 P AR e e bR V. L — T ‘ M +— =
! # i ! A A i T s 108
- 41 4 ; N -+ 1 L3241
— 1 t t AT U AN - 1 St
: i~ - 4
1 - + A } - ] *
1 7 .4 i $—4
t + }
v "
J ' t 06
— t
1
[
|
11
I

(PsI)

LOAD
78

WADC TR 54=474 Pt 2



NOILlLOTTJdTQ

: R EsEsesassEsRsss = 9
. - S R B e N '
25 o : T A TP saa=a
8 § =
1 I O D A S B I G 1\414;\’ { 11.|~! 1 .
TVIHL ¥0d - : T SR =05
I i G At - =71
T - B u%ﬁ = 1 ~ T
SEAMND NOILOEIIHA HUNSSHEd - ' ‘.@w S T e _ ESsSs
I P R 00 s ﬁnﬁl# O e e i H T
sEn Hu‘ui T T i@- S0 o L S S O o B A H1 . -
! + +——. S ——— SEEAE S adad B —— /]
S *le.rwlﬁ%ll\,LTilfi‘ - \T‘.i‘hﬁﬁ Tt “.LL;* +-3 ! i — =+ , ;Hw_OL“
09 @o1d cEb T s R e e R e e e OF
D i [ 1 - b -
IR v Lm%ﬁ%{ Tt g Th S EEE SR
D e R R e e e e T i
R e S S PR i S0 SR 45 S o & by -
. RS e T { I 1 [
sagsssudna L B pw S ey B nm e IS SSenasdEEN Sk :
- +- : H _ - X P Tt * +
H S T L e e e e e L e
e S T L e gt i i
. + . I #\ N i T+t L bl -
- I Tt b s S i T T ‘ )
Sagas B acaaiia anises_ccusSuEERRRINEY
- . G R N A I O O N O 1 i = - G T ] 4k ;
= — .lm -t ;IIWHI { rfgqu%lﬂ -4 w
T s . RS ——} E -+ = H
= + Fi- - pim.% e Wxx - — Txﬁrw T i -
S g o A
S o R e D S e o 1
(T 1T i o | i
H T MWTM.MWWH -+
T AR T < ag= BRSSP
H S 5 + } -l . ,.Ii _ - * SpEet
EntseenaddanNeae i .l*h%*lf‘ - t T 1 gp== Eesw
] Safks E SR - = a ‘lwuﬂ ik R P s EE s ey
L HE R A S e e e
1 Ly o e A A o e i R - ]
REgas = B am g S EouREs SESt
£ e=s=asssl SSSgiEseaat: e
: ] _ e = _II,T »LlelfLJQ L,IVLLLIrlINle
——t ] Tt T i [ e - *
| T+ — HL JHxMY“.TA”TMLr]W,A,l Hm“!ﬂl - i ]wJ | IT = ] lI,T..lJ H
gag = ] EEmSE RS S e smssassE=me=
] e 7 T e et i ot - R
N N B 2 H s Foris SE= s SeEem.
e - E&J = 1 - M B Saparibe - M +
A ; : . S il o S - - ;
* F— 4 + e ]
- I T - } I b b _ i -0k
~ w« u { W + w + 4 + J m i -t
+ ——— —— T !
! i " O A g = =
H S aes SSSEE : —
— , ! T Hor e :
= r T 1 11 ) T n }
- + H i T
-
)1
i

LOAD (FsI)
79

MADC TR 54-474 Pt 2



NOIXIOITIT43a

€S “ON

TVIYL 404

SHAMND NOIJOHISANG FUNSERUd

.
Tt : T o7
£

0
:
P
[ M
RSN
i

i

I

JENE

Lokl

|

]
!
L]

i
4
t
T
NS
I
I
[
1
)
b
i
i
Ll
4T{
I
Lf“
11y
rLfL L
1
IR
NINSE
|
i
I
IBNEN
ot

BRI
1!
&f‘ku
T
4t
ﬁ]H
11
‘Ekr
+
+
T
REER
T
R

v
JREEEN
i
|
"
i
L

-4
O
t
1
+
]
|
l
M
+ ey
e
i
PR
|
b 4

JONA
it
s pamen
i
pul
—pH1
P,
J
RN
Il
JRB
ot
T
111
i
i
3—-.‘LT Py
1T

T

i

T

LOAD (PSI)

-
: T AT - 1
B AR T JLrt A4 [ﬂ% T O ) o e A 1 + 1 T T OVJ
=TT - I 0 N O O Y O 1 na RN SR 5 T U SRR U HDS) S0 SDUDEN NV B B (B S S A BIPE DI i
A 11 ol o O Bk o »% SRp A Wuy +4 -3+ 41w1 - lTFH;Lrn ! .” *; t 1T uﬁ ;J A3
-+ - ﬁ Hit-1+ ittt t mV L — - }—t— 11 ‘Lr# ‘.,v‘ SR ﬂ 1] : . R (e i S -+
T o S0 0 o A EeEmE G FE T T 144 yriTiany % S g + 1]
SHEgSS ISSCRERREES Jha Tt 305 0 0 50 190 0 5 o A St 5 S B i e v
SOEASRE A T TTTETT P B L Cr1 1 1IIEV ) STV S5 S S iy S G Ay | M
DS G U i U O 0 11 I TR 111 s e e T
b e e e P R A T R R R e s T e e T g T ]
—— s B - 111 444 -4 + 4 . PR iJi S TS O % QUEDVERLIES TR 9 S 9
: BB 3 [B SR S 5 SR + 1+ H
el 1 8 i 17 SRR T D I S A s ) AI¢|41I74L|[[VL|* ] i G A
= ¥ ! b e O 0 OO A 1 5 S DR MR Y H
—+ ; T y Z Alllﬂ T S 0 0 6 S e T 1- i =3 3
ek EEESuEas Sl s =S SN T b e e e e
{ +4- S 43— D N VD ) W T W [rll.rl 1 R SN 0 (o ERL ) G K Y S EE O O R PESEDES § 4~ O
~ 113 - - TS53 1 F T
. SRS m e RS ESRE S SE SRS B wes wu#r%[p_ A 1
- - - L 4 - - — —— 4 e -4 — -1 o -+ $—-
? SR SERSEgEaspadiinas A P e H
+ Tt ma Sy A bR ] FEFET PO L BT P
. I T B E S oy 0 0 e N . A oy iy e e !
: { [ T - Lt - N S S A O N W 0
- +— +— + 4+ b A ILIA M i i ¥ -4 o
I B 1 s - T R
+ R A 1 S S 0 s e A 1 S 4 I i 0 0 A g ko i Mwm
UN T nr 3 1 xT\H\J’ LXL +— 11 M‘ - Bhmn LHLV\ LTul\ 443 1
S s o e & - EeCeE=an: I8 T b
T I ma A BN .
. ] e ot e e e e e e e s (R S PR S SIS -
L RN - D S O _ S N R -

|
A
I

T

T
T
Il

A

.
|
T
]
T
. 4114»*
|
!
1
j’
i

1
i
L
-+
f
t
]
I

WADC TR 54-474 Pt 2




KOILOXTidTaQ

w5 o
VI W4 ol

STAUND NOILOTIIAA FUNSSAUd

lT, iIII‘IrY
- w 11T
29 W]NOIA LT I Y A
1A ]
PR VIR W —4+—4
Sa8s a
! - V_
+—4 1 4. 010 D T -
—4 ¢ -+ 4+ — - -
1] r BN
A N 11 1T RN -
TrTiTy z ] B
S SR SR AN R V. .
Eifss FEr L e ‘
—+ . [ JN AU SR ED ) AN RGN
_ o rrer
= FHE PR
F1 _ 1= -
4 . I .. 0 0 o S B
: S EEp s T
= = —+ R e b N R m
; PN :
P SRR Raen smer S5 dEll San: Trf
" -t T 5" < SN G S SEApENEE i
+ L L y & x + 4 t jE .
MY . . M
; + + y 4 H i o - —4— p\.rv‘ L.ri i H .
-+ e e ] 1 [ ERGRERG
’e e , + 4 !+i«’ [ S, — S U SO SRR U
papihboe: T T g H 1. 0 o O A G s B W e iy 4 Eneingh el b as s Spg
[PASER AU (O T + 3 [BESER I I5 UR IR OD IR AN EDAR AN Iu S i
.r +—+ \WIJLT bl S [ = : + 1 11T G U g Bl PP t\“‘ u -
i SpOpIyT: S dyeay tu e e sl IO S BB 060 Andl pbws soawibaap got !
e - - o= MHHI o R . + 4+ + - x :
fiWr - -+ +— 4 — 4 -4y HJ\ H\. — } + L +
: [ A 0 D S U O [ RO E ] e it 4t - —
o T ) O oo ol O el JENSaEges: o T O SR RS G o .
+—+ 4 I T i o S S S T S SR Nt B JO O SIS N O B N 1 4 lﬂw ———dg i O p
+ -+ + -
T — T 1 e JWKH; by — . L
e ! T ) g G —— [ 2]
L HE - LT e ETe I Haa s i S i e
b —+ 4-4 44 4 4 PO S S
+ -H — i R T T L I e . —
— ————— 4 — 4 4 _ S - H
1 il owis & Y At o s s N A G o o i RO SRR
e 1 1= ¥ — - \w.% 1 g 1 H HIDADRERSRG
- - TR T S 4 - G 4 4 P4 + - -
aa [ A SO0 Ep S g5 S angutn NEDUIE U DO S G S 11 11 T LUUJlH.Tf ]
et} —— + : —t
L BN A D S ) 0 S G AN (R . 3 B ' DS 3 - H ot — 1
SRS SEei e ESUEE R EEE 1T ! e
—+ HxLJr - -1 ! ~ ; i s
D S R IR O O 0 4 +
T 11 4 N I D
T + 11
ITITT 1 i
] , I IpEEEE
+ 06
i

LOAD (PSI)
81

WADC TR S4-L74 Pt 2



NOTIIOogT43q

0
) 4 1117
- 1 ) i
e e e

$$ *ON & aa e mme e A

TVINL W4 & S sEssE s mamEssseEsEes=mass SESsssssscssssSSaSsSs
STA¥ND NOILOWLING TUNSSHYL ST wwmummwmmwmmmmmuwmwum -M.Ir B

I
.

rr
rfﬁ"ﬁ;
; QT‘
T

14
BSURABESY
cesih
‘A‘é'T i

i 1
et
Alf

1
T
IRAN
et
uRs
T
T
N
IS
TN
T

I

T

)i i
nan
TN
TN
888N
EBEAY
TN,

T

P etk b g
it
rd g

(Ps1)

1
il
T
T
.
BER
+++ =+
1
dedersEan
IBRBEE
‘ ‘ et
LI 20 tnal mack oo SR SRS BY
MO AERERSSRRS
M DEBNES:
"rH')"
n —T—H‘
JaNnseses
1ot

T
1Tt
+
i o+
=t
SSiteonasy
T T
1\1
ot e
T T Tttt
_‘LH.Lhr‘,._
!
g beeauan
—r

HNEREN
RERN
411
T
L
IR
I
T
IRERARAEN)
YJI
‘¥JI }
RN
11
IIMV
4
LT
11
ISRRRE|
i
JA0
10

b e o bt

2

LOAD

R
i
"1t
. Ldo
! A

-

[Saus sagasatess sesgaee
I A — bty
»_H*T‘—T_*'i_"“‘""":

bl bty
1 -+
S ARARRINES: '
L
.
o
gl
*f—*‘f‘&
L

bl
fote

b e e

——— —te b e | $ .JHUWI -

}—1 t— +— » an I s ey AD

T
= = e

1 ¢
e
7 t
-
2 e e S Y
——

.
-
aan
et

= } ; d ; w &
17T . erTh o S - 1 [T P ﬁWﬁ %
Tt 1 - Tma S 0
T+ = fmnm‘@ - S8s SR TR IIr W,IwrrHﬂl mﬁ i
N 0 e e e nenabtaaEs FEE H,ﬂwr AAAAAAA B . - , i
A e R e S sesosasss
o Iqu H,H.WHHI T A A 1 o e e T - '
S e R e e SERss=sscscsstes
A I N 0 O -1 RERN S 1 . I 5
I It HJ L
1 ]

82

RADC TR 54-474 Pt 2



NOTIloxXx14a13aq

1 S B D O 1 - b
M 1 : 1 P L1 1T
TR i H R 117
0 T 1711 T T71
J | : H I I 17
=8 = B
95 *ON e : SESEE. ==
n Tr ! . ] ] .
i N N ] I . H "]
TVIUL HOd i I I CI 0 00 O 0 wn o S 0 - T
] o - o o o : 1. 1w pEdndh T
4 - L S G N - " i
1 I 1 1 1 . = v+ L ivlﬁw - s ! }
L t 1
SEAMND NOILOFIJRC FUNSSAUL W e S s - Sa Rt e b
+ T H _,‘ i - + 4 + -+ J\ﬂ 444% —
SSSECCE L e i e
i F IBEREEEas M , .
Ay t— + 5 i I SR I ]
%6 BdnD1a BeE SS e i o R S aeseuspasaldbil a0 EH1 ]
gy [EEEEE SRR eSS NN E
TTTiLIT vy Ty ot o4 b
i 1 M PEBSDERREN SRR P
PR BRI N S e b e abe DDA SN -
e b e — ¥ + + Pt — e . [ M LO»M
O D ¢ 1 11 } + R s o MDA G PO NN M =S RORN SO 4 -8
t W bttt o+ b e 44 - i PR .~ e PR
+ et + - - - - . 4 . - R TR QU S +
- ek ok SuapBRES S SEEEIEEGIE BEIREIREN Pt
H : — 4 —+ 4 4 b . -4 FIDE I L R AR TE B TN
1 T w HLHﬂ »#Artlf\ PR PR N O ' G4 e s . ———t o PO
; H ——r -+ 4“1' R ErOSEEEe + 4 I 404 4 4 ——r—— v ]
N . + #lo.l.lfﬁ,¢¢\».,;:f¥ s IR PG SN SR e
t »L m h. JJJLT.JTVJ 4#4%3. Crr + Vo P “ ‘1“ I e e »\T.lovu
. 4 -+ .Lrl,TLv,f JERSDEMDEL SSRGS S N D N R R I
L S 1 e DDy S O Pt eod . - L T A AR o I Ty
N H HER{ T4 i +A11L\Im, -+ y-4 e e e e s . L B LI RS SR
| + } + IR e f4!h4]>»¢)- ...... Ea S S [ SR S NN
! H 1 ——t 4 H — - ﬁl,,«kr‘f e 4 e e e s o, R S . Y T“ [ Sl
HERN SR OO SARESAN B on Sl xrilii}ﬂ PERERE . IR RS G PR A SRR AN
HEi | H + i G g B P S ,<,Hu.;44l
1] Re 4+ 4 .% - 2R DR TR T SIRURGE S Y 44 e b v IS AN
H + — *w.w‘va\wﬁi R R Core e e s PR SO .“ﬂ“¢wLow
. + - LR SR R 35 P S SR G A e R SN S Bemmahneat EREERERS
¥ 1 Ariﬁﬁ‘u‘-\‘¢.f¢+ R & R IRy i IR AR B A R e e LR O it
— ]Y + 4 - s SR IR 5 e Sy SN Rk B RS TN Sy N
T3 + ¢Iﬁ¢|H4'l +4-+ 44‘;I4:H1vr SRR S A SIS S Rk S S R e I R I
4\, 1 b - H 44y &H‘T.f P + P4y - — o i L S S ULV SN
i—r ~ | —- H Rk ok I JE s H L2 SR SN TR TN SN R S g Dol st b SRR SRS ‘\ﬁwalrflw‘t!;
. R } - t- 4 4+ 4+ F L!L«.“‘,wfv\mllw_ BEDAS S el S [ERED SN a
o S ; } JURGEERES Spiban 1 X o s o e T T T i
& [ 1} H I .f*lTrm\ T+|1ﬂ ++ TAWMIT# THM a .ﬂ BEER M R T MR ow.,
t T o 0 0 o e T S ey RS Iy SRR eR e )
a8 S B o S S e e s Se R LRt LR R RSEE ISR EREEES Rue: 1
a8 PP TR TR e e e e e e D e ESRSEESERaaS=s
3 i 1 N H % Log-+ - 4 - PR TR o S S - - 3 -
b -4 - i my I - + 1 T i 05 0 6 u I3 14 . M ¥ i i +
11 13 o i Hil B I S N N s S ol O MR S e T i , trEr 3 T
SEEE N Eessssas: L P TR A e SR ERas: ]
4 + + 4+ + i + —+—+ —4 e S S + —+- 4 — — +- g4 -4
: mx B 5 ol s o O o Tt ; pbhinay iy TrH EIRIE S o Ghinay udn n g - F S }
1 13 74W b ol o 8 a0 e .‘w | *«l ﬁtﬁu ; — - 110 it O.b
M M M M 4 } - [ N O f—p g -t At 4 4- +
: v : .mﬁw ] T it e T T ESREmssmEsus
W H uum._n = Fre b mfm‘,iw ponatih e o 00 o ; n
7 f 1] he | o S o O 0 ey ) G B ; -
' ! : T 0 i t 0 413
I I M XL« MR et L..vllu?l L 4 1 +
1 ' ; - H N e 173
S5mas : fesm=apARESESSEE=ELS » s
N : i ; -
N } + 1 1 1 At ~ 1T Y i ..T;wlvlr =
+—+ 1 T 1 + J.wJ t
4 ] 1 m
L
+

a3

LOAD (ps1)

WADC TR 54474 Pt 2



NOTloFT1a3qg

. 8= .].I.m )i )| I T
LS Ssss SSec e
“ON [ 0 N O O _ _
=5 ”.'. ] I {71 7
S - -

IVINI ¥Od
SIAUND NOT LoFT4Hq HNSSIYd

i

F’_: !
i

T_‘_‘l |

v~ ;
T

S Eiaans:
M BEnses

T
‘ e
N T ‘ J ‘ H
|
T
RIS SSSERE}
f

*
+
. 1 i

SeasSE=R ) BRE:
(SesSaS N BEE
ulvuTLHxHﬁMI Bl
SuBn RN R
sHE e
R < L i
T e
ST FTIET
SH TR
BRSSE i
—4 s - i
IRERS SRESE

LOAD (ps1

)

&L

TADC TR 54474 Pt 2



8¢ °ON
TYINL HOJ

SEAEND NOILOFIZAA TUNSSHYd

99 TNOIJ

HOIlJXYTd1Ta

-1

1T

1 ——_
1 CErpbErt e
1 1WT ; . ﬁ#llﬂ [BERQUED SRS 1 5 15
- B art SN P PR ,3;“
T 0 G i iy S S e o
- ‘TAL [ . .I+ T —4— M
EHEE T TR PR R e
I A1 ] RN ‘Tx*ﬁ T %I‘r o ) S iy B
R N 1 R “_I%«ﬁ - 4 i1 ,IT_lw
- 1 b RO o S e e 0 o o e i W
[ e - v 11 §
o ol G 00 0 G 0 9 B i A T
-+ ‘Hl‘ —4 -4
(YN N 0 VR G P - :
—~1-41 4 ﬁ wL — - +
41— L-4- 44 + iy
" —4-+ - — — IIJﬁlvATlvll —t- Qnm“
D
R =2
i Txul 1 : —- e
t -
5 w =
~ O
v4 [E SR SR . | 3 ———t— =4
I T O ! T
- 4 - — H ¢

LOAD (psI)

85

WADC TR S4-474 Pt 2



ROIIOTITLAXQ

LOAD (PSI)
86

1
I
¥
+
+
4t 1 -
»
65 *ON 1 &S §F :
+ >y
1 ﬁ\mx b — 1 1
i = I - — 3
TVIEL ¥4 ame Tt F - ] P + 1
. f A -+ o + :
1 WM&\ —t ! « AULLI.TfNrI‘Tl\L‘ I T =
[ D S I A0 00 0 A A RS QR S 1 oy
SEAHNO NROILOFIHd RANESHNd : e i A S o EEREES: U o e + jGphmapy
L Y R S e E e e ] ]
, M B -4
B N A N e B! -+ 1 R ol e o - 0 - m
- " i praw e e i B o o 0 B 0 0 0 — e w5 0 B B . +
b+ - — B ¥ 11T I
CRE T E | sSsos F T e e e e e
[ IS (S A B O + REN 1 EEATN I
S B S EEESS Bk 0 0 05 10 0 4 A S g T TN
S B e -t o =N 4 I N P I3 500
S i -3 b “+ t+ bt w«ﬁ_ 1 B D R SSRGS N A B 05 i
S gssaes e e e g R s A=A s FSREESESERRSEE
. . S U ot i e v BB S S 5 i S Y R U (S I D A S D R MR R R L L
SEREDPE DS ISUIG AN SR S5t N Y S M SN AL SO SN SR M HD 2 SRl G i 4 bt g B8 00 Gl A 0 1 1 g e 0 0 O S G W
STl SEE L SEE SN RS S S S SRS R ts AT DB by e PP S e R P SRR R e
SRS SRS Sy Sl el Gk e et T Sl O RheD o - g A Sy ARG S 0 g Frirtiag - 6 SRS 6 O U I ) ADUDUD o S 20
SN I SIS 4 k.l.,\r»iu“r N e e R R e Tt b o e o nl 44 ¢+ + lligﬁ ﬂ\ Jv*rﬁ7+ 4+ 4
S IR M CIE Shob 1 SIS e dbdh U G0V o s e wp ST SR 6 DU AP i S 0 S 4 i 45 5 S 0 o 8 SPUR PO o S dnch SO0 6 15 (5 01 50 1 1 B b o 5 D) i
GRS I LA SRR SR s S A S B o afd 15 S S S S D 1 T S PEDEDUROR I MEDERTS SRERIDER I N SDUS WA SN b e
e e S el (RS R Zas s cagEn Ny S gy el Sa S e s Sen S Sty SRS R s SSe NS
SRR SIS IS O IR S U SO ED EPUNINS "4 S S S + | b S W : Lt MR S - —-QF
ha - DY = —- 2 4 +- t + IS NDD N B S 50 D SRS SRR SRERERER-SD MU LIN RN INE SRR puSEETRIpaDES. 48
i S nil RS RS e £ RS A E Rl s I EER EEE RS SRt e aneats SEEEEEEEEE PRSP ESRRES St s
. T L e S GRS U "a 201 0 S 0 O A T A I r HEHE DR IND IR S iain i E N E NGNS
- e I s e 1 i R S B R PR Bt el s dvars
1|Tlv_,?;|¢r PR S RN T4 0 D NS O D SRR SN Sh SN SEVUIR 5 SV SR Sl bty S G R
e St o a el et el e e + LZ,H#A“ATTTT;J;;;-“‘HHH\*‘Lt....+;+i-)le|T$LLrot
T e s drds e e SR S T i | ! i S TR RS :
e e S st s TtTIsA TR R o B B R e e s S e R D RhSntamii S PSRRI
ISR AR S DR U SR +os bt | ‘flrhv.ﬂn] o+ Tttt A e - — : -~ 0G1
s aa et Bl G G TR Shavs e ] .ML,4. M!. 159 A drure Sousus e D SRS UtaRaI R SENRGU . ¢
+ : S T i it 4+ +og i1 %‘f BN i S b aphindl STEan SRS S, ROpEp
: ‘ S R e P T e T e e
: B e ¢ 1 f e e R R e e e B R i
48 ‘MIH 0 ) SO 8 0 G 0 S W T QA INSN R RS SRR SSEn S YN = T4 it
pay Aww‘HHMHT[L 0 e L . S 4+t PTEITTTTIL T ittt NI R e
b R PIEREA IS Bn b w + 4 m 144 M wL - DR WD SN
s “mw R i %\l%le S R I L' T MT h$wl,? V\M\M‘ I 11317 ey e ¢L_ »rmlul“
Suahel 1 i s A i e o A M S A S U«M . wyw 4 + + I \J.wl ﬁ+ bt ‘ -t +T R R 09
- R e R e R e s e R B O e e e RS S = SR S S S o b W a
VIR G S S s i St e ol e IH!H.J‘. HEGSIRE ﬁvﬁx T T Ag i - i
A s o 5 S P s o e it bt o S e I 1717 - .
Tt 4 1 T 0 e oy - R e T T
R e R s, S b i M + M C L PG N I AR U G 4 4+ 1 ]
3 - - - -+ b+ Fop——t 4t = - .
R i il S e e ﬁ 11101 Mg {+4 4 + 3 +++
: — L S e s G \fr.f\flr(ﬂt \*l NT!L_VLV\+ [ 1° +\ 3 B iy R B! s
S - Tr e I e e Hi”””ﬁtyr LITLI.,\ mrMT - LY{THLw + #%Mn TH HJ 1 Ww%’.sJ SENE 44 B
——— ey f- — % - < N B - S -4
SRy N S : 1Tt rhfl*lfﬂ.vlla\ﬂﬁ?tlr\rfp + AW - i1 i PR SR L i — ]
It - -+ v 1 n bt e R B rlh‘l.i 1 L\fH‘#I«AILT \.\.LﬁLH ) p
AP MU SRR S - A4 i At -+ s ﬁ L4+ +4-1 . JB I T e
SR \nmf RS S 4 § AL I 0 1 I I 1 P e bt e P
R e R S TP v &lw\.. wa‘\m* : ot HlHirLJ‘.flfr M — M - Hdlx b1 CT L r 11 - - u”
SRS USSP y. SN [ L HEgA 4 S 4 [ ] 4
‘. J e T S S A G TR S S0 S A Y RV S0 N 6 TR . . R e T i =
i A f A P R S A 5 S A 5 S - S b sl Gy gk i o O i e e 0 s A =+ -
ey i R 4 } 19 iy g TR AR 4 " y
* H { o I SR S, 4‘1 el e T i i M A
+ A b e H 2 L I I SR «A_w i + + - lel.‘\1+4.‘ 1 0 ) O AR - 24
V»LM w + et oy 1 T+ ) w 1 1 i bl 4+
Mo 5 0 A O SR T 1 i - v~ 1
4 ; Tt NOGRE BERGES i It
| AR A R - .
7 B D S S . -
-t p
- - , 06
T
4
1
A g

MADC TR Sk=47h Pt 2




NOTIlOo®T4dNq

09 "

-4

[ , A
n - - TN
TVIEL wOd HHH FH-H5
SHARMND NOILOYLISI NNNSSHBd 900 R 5 0 1T
: T ST T TR REE . 1

5 '
T
T

1,_1
7
—

|

[
1]

[

]

+

ot
1T
4
1
!
il
T
T
|
i
I
ot
—_
i
i

4
IR
t
4
i
1
I
+
s
T
.
4
t
4
-+

T
T

1
.
A
8
5

$t +

e
M
|
+
|

10
I
1
r““ﬁjﬁ
j"
+
—4

4
|

R Rt

I

o
;
tt
B
T
!
\
,
]
»-t:'

LOAD (PSI)

&
* B 5 00 A0 A A A S IT11] B JUB 0 (D U 00 ) (D N A ) S ) A O (4 S O MRS JR AR G O RS
CHHHIT R R T ‘ + R Lt R R
. + ++Hr1ttt T 4 - -4 -4 44+ 4 3+ 44 - p R ek i ddh S el 4 e
——+ 4 b LA - 4 11 ++4+4+++++ + 4+ w R OO O O HE SR Sne NS SLAS SRS
+ - 44 — 4 + . 4 - 1— B . O 1Tlv“r‘d + 4+ 41+ ~—4 e
ALJVLII -+ ﬁ - IAW‘T + 4+t 1+ +++++ 4+t + H R b el o -+ 4 &llT%uWJv‘OI.v 4
4 —4+—1 44 44 A+ -4+t 1 —4 424 1ttt T+ttt iy
] ] Pl 4 - —+ S S S !M - byi 3 o b i+ + - o
1 1 T T Ot F AT LT 4t 4+ ++ 44+ - JyawlMJv L4 L6558 TR Er e I aneh Al SRARERE Y T ™
4 L 1 T3 3TV T _ PENER SDENMED GRNTE B B G AR A Sh 40 R S a
B N J-41 wLTL wl\ATL L. uwxf 1711 luﬁfx WU L M}H LSS . o+ *H* - ‘AJTWH\[{‘J;?‘AT : oILll.;flrblAJ
] L - 11 - 4+ A S T N A A 8 PO G SR 3 M
- SR . LT r 13T 1 + ‘H%Wmf&‘»‘r .. Wr 4i dee
AT RR=d et e R S RS RS R e s n e - :
4 b+ 4+ S S T N fl.l,\u F+++ 4+ ﬁ‘lli‘ 0 A O A oy S S5 YHIAYAY — -+ +
otk et Pt T e S 8 S e Sa s R s asns i
A i — 4 -
: 1 - SRR N A I ANER AN S 1 bl USRS SR EERER ) S
- ,lr.fr#vx 1 1 Lf R I3TTI1T ] [] - H% 1 - HHH\TW b Lftol»,}ﬂ 1 — ;
: 1t L ST N N I A A A G O O O DU ay va =<3 4t
r 4 1 ]\ - RERER i) S 4 G i O O hom 5 BB IB N4 M 117 R }
L1 31 +ttit 1 H( HD + 44 Hw HAerlw.ﬂr t+ ++ - 4
- +4 4+ 4+ b -+ + —+
4+ AJT = — ] ﬁ.ir 1
L S ER T . -+ [ 1+ 1 1.4 JL‘H . -
+ - 4 4+~ 4 L 4~ a4 4 . +
= - IO [ : Iy TT R U 85 S
= 13 3 + 4 b —+—+— b !
- HI FHr b S e ——
- " 1 ipusanns T i L ne
T . H41 T 1 - SR I ] -
- b [ 4.1 0 N D O 4 p T3
LA - pun § - H —
1 1 N R
4 4+ i Tt
—+—+4- ~F 1
NS - 1T T
[ 1 + - 44 "

WADC TR 54-AT4 Pt 2




AN ENRBINS R S A e e, e+« L L

A s e -

This same dependence of the results on the fastening method is de-
monstrated by comparing the results of trials 5 thru 10. These panels
were installed as Type III backing boards, The effect of changing the
mumber of fasteners on trials 9 and 10 can be seen by noting the de-
creased deflection of these panels compared with trials 5 thru 8 The
spacing of fasteners was reduced to two inches on the outer hat sections
gf trials 9 and 10 by adding two fasteners between the regularly spaced

asteners,

Trials numbered 11 thru 52 compare the five test materials instal-
led as Type III backing boards., Tests were made on each material with
hat section spacings of 6, 8, 10, and 12 inches using both self-sealing,
and bladder type fuel cells.

Trials numbered 53 tiru 60 indicate the reproducibility of the test
method, It can be seen that the curves for the most part are quite si-
milar, However, it is evident that trials 5L, 58, and 59 have noticeably
greater deflections for given pressures than the rest of the series, Dis-
cussion of this variability will be delayed until a further description
of the method used to analyze the data is presented.

ANALYTICAL METHODS

The previously stated purpose of the pressure~deflection testing in-
volved the determination of empirical equations to fit the pressure-deflec~
tion curves obtained from the test jig. These equations would satisfy tw
needs, Ons, provide a means of extrapolating experimental data. Two, re-
late certain properties of the test materials to their deflection under load
characteristics, It was desired to examine this type of information as a
basis for specifying a backing board construction for service uses. It is
known that the serviceability of a backing board is related to its ability
to support the fuel cell under various conditions of loading and also have
maximum resistance to gunfire damage. In the cases where resistance to gun-
fire is part of the specification, this property would have to be the pri-
mary consideration,

The entire work of this program was undertaken with the understanding
that certain variables in the installation of backing board materials for
fuel cells, such as the type and number of fasteners which hold the material
to the air frame, are of extreme significance to the performance of any given
material in service., However, it seemed expedient to hold the number of ex~
perimental cases to a minimum by varying only what seemed to be the most in-
fluential variables,

To accomplish this end, the pressure-deflection testing was arranged to
examine the effect of backing boards with widely different constructions
and properties. The variables of air frame constuction chosen for investiga-
tion were, the spacing across which the boards would be installed, and the
pressures that might be exerted by the fusl cell in service,

Other variables that are undoubtedly important in performance but whose
effects were minimized include the elasticity of the foundation and the type
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and distribution of the fasteners. In this investigation these factors
were standardised about an essentially inelastic hat section or support,
charecterised in the equipment by the solid steel hat sections mounted
on the one inch steel test frame. The fastening system described in
dppendix II, page 109, is common in the aircraft industry and also used
for gunfire and qualification testing.

The problem of relating the deflection that occurs in a backing board
material subjected to fluid pressures through a fuel cell comnstruction,
to its mechanical properties, is essentially one of a plate subjected to
normal fluid pressures. References ) thru ]0, page 131, relate to much of
the analysis that has been done on this subject,

It is knomn that the deflection of a plate within its elastic limits
occurs in two essential modes., In the first, the deflections at the center
are small in comparison with the thickness of the plate and similar to the
bending of a beam. In the second, the deflection grows large with respect
to the thickness and the action is similar to the stretching of a membrane.

The classical conditions which apply to the tests under analysis here
are not well defined, in that the backing boerd may not be classified as
a simply supported plate, but rather a combination of simply supported and
built in edge. In addition, the distribution of stresses involved in the
rivet like manner of fastening and the plastic qualities of the materials,
in the pressure ranges of interest, pose prcblems of straightforward analysis
beyond the scope of this work.

The equations of Table V, page 94, were devised to provide an analytical
means of comparing the reactions of the five backing board materials to
various test conditions. Also, it was intended to compare the different
properties of the test materials under the same test conditions. These
equations are essentially empirical expressions relating the deflection of
the backing board material at the center of the test span to the fluid pres-
sure that produced this deflection.

The equations are polynomial expressions patterned after the solutions
to differential equations vhich describe the deflection at the center of
thin plates subjected to fluid pressures to produce large deflections.

The classical meaning of large deflections is employed, where deflsctions
of the plate in excess of three to five times their thickness is clas-
sified as a large deflection. This is in opposition with the term as
employed in the analysis of beams, where the deflection is generally a
amall frection of the thickness of the test material.

The manner in which the equations of Table V, were developed is given
in the discussion that follows. Timoshenko, Reference 1, and Den Hartog,
Reference 10, have indicated expressions for solutions of the basic dif-
ferential equations for the bending of plates, which approximate the action
of plates subjected to lateral uniform loads to produce large deflections,
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These equations have the general form:

(1) P = En3(Aw # pw’
a‘* h2

Where:

P - The lateral load (psi)

E - Modulus of Elasticity (psi)

a -~ One-half the shorter dimension of a rectangular plate -~ taken
here as one~half the hat section spacing (in.)

h - The thickness of the plate (in.)

w -~ The deflection at the center of the smn (in.)

A & B - Constants that depend on the properties of the plate, and the

boundary conditions or fastening system.

This combines the equations for bending of a plate with small de-
flections, and the stretching of a membrane under uniform lateral loads.

The first term of equation (1) is significant when the deflection
w is small and the bending moments of the panel at the center and at
the fastened edges resist the loading. The second term becomes in-
creasingly significant as the deflections become large. This suggests
that in the initial stages of loading a linear relation exists between
load and deflection, but that these parameters are cubically related as
the deflections become large.

To examine the pressure deflection data for such action curves of the
data were plotted on logarithmic paper to examine the power relationship
of wand p in the early and final stages of loading. This showed the
pressure deflection relationship to have linear tendencies in the ini-
tial stages reverting to a near cubical relationship as the deflections
become large. An equation of the form:

(2) P=AW7‘B’3

can be fitted to the data of Trial No. 1ll. This equation is found to
be: )

(3) P =7.84w#18L W

SAMPLE CAICULATIONS

The pressure (p) and deflection (w) data from the stress strain
curves were used to develop equations. Reading from the stress strain
chart at .05 inch intervals in the w direction, the corresponding values
of p are read on the p-w curve and these pairs of values are plotted on
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logarithmic paper. The properties of the line through the plotted
points reveal much about the nature of the p~w curve,

For the derivation of equations the "method of averages" was
used, whereby values of the rectifying functions, arranged in as-
cending order with respect to w, were divided into two sets containing
approximately the same number of pairs of values. Equations of the
form P w Aw # Bw> were fitted to the data by substituting values of
p and w, giving as many linear equations in two unknowns, A and B,
as there are pairs of values of p and w,

DATA
W _(in) P_(1bs)
«20 2,96
25 4.71
«30 7.21
.35 10.71
40 15.71
45 21.46

Substituting these values into equations as in (2), the fol-
lowing 6 equations are obtained:

(4) 2,96 = .20 A # .008 B
(5) 471 = .25 A # 016 B

(6) 7.21 = .30 A # .027 B

(7) 10.71 = .35 A # .O43 B
(8) 15.71 = 40 A £ .064 B
(9) 21.46 = 45 A # .091 B

The three equations in each group are added, resulting in the two
sunmation equations:

(10) 14.88 = .75 A # .051 B
(11) 47.88 = 1.20 A # .198 B

which solved simultaneously for A and B, yleld
A =5.77
B = 209
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The percent deviation between the values calculated by the
equation and the experimentsl values shows the manner in which the
equation fits the data.

w t of
020 - ‘tolq
025 - -‘00
«30 1.80
35 1.77
Oll'o - loll
olts - 039

From .10 - .20 deflection, the linear equations
(12) p = 20w - 1.04
fits the curve within readable limits. An equation of the form
(13) p~- an®

expresses the relationship between wand p satisfactorily in the re-
gion where the membrane effect dominates the deflection.

Taking 1og of both sides of (5), we have
(14) logpwlogafblogw
which is linear in log p and log w, That means that p and w form
a straight line when plotted on full logarithmic paper. This effect

is produced by plotting any of the pressure deflection curves on
logarithmic paper.

Taking the log of the set of values in the data of page 91, we
obtain the following equations:

(15) a. ATh = log & - 699 b
(16) 674 = log a = ,602 b
a7 .858 = log & = .523 b

(18) b, 1.030 = log a = 456 b
398 b
(20) 1.332 = log a = 347 b

(19) 1.196 = log a
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solving the two summation equations
(21) 2,004 = 3 log a - 1.8246
(22) 3.558 = 3 1log a - 1.2016

for a and b, they yield
& = 152
b= 2.49
giving the equation:
(23) p =152 w2e b

The percent deviation table shows:
w £ Deviation in p

«20 - 7,09
025 * 203‘0
«30 # 5.13
.35 # 4.01
o“O - 103‘0
45 - 2.98

Equations for all the test panels of Table IV were developed in the
form of Equation (2). These are listed in Table V. page 9.

SUMMARY DISCUSSION

Comparison of action of the materials evaluated under the pressure
deflection test conditions by means of the equations of Table V, with the
physical properties of these materials given in Table VIII, is the basis
for judging the correlation of these two sets of information.

The reliability of the pressure deflection data is illustrated by
the repetitive tests in the design of the pressure-deflection experiment,
particularly tests numbered 53 through 60. The variation existing in this
data will be discussed in detail. However, it must be emphasized that the
normal variation of the dimensions and physical properties of the non-
homogenous constructions of the backing board materials, certainly contributes
in part to variations in test results.

The matter of variability of physical properties is illustrated in the
data of Table VII, page 118, for two thickness ranges of USV CR 88 backing
board. The wide variations exhibited here are attributed in part to the
norrnl causes, such as placement and relative amounts of high strength
fabric with lower order strength resin. More particularly however, in the
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PD=2

PD-3

PD=10

PD-11

PD-52

PD-53

PD-50

PD=51

PD-55

PD=54,

PD-/,

PD-6

PD-5

WY 747-5

WV 747-5

WSV 747-5

WSV 747-5

USV CR 88

USV CR 88

WY 33

WY 33

USV CR 88

Wy 33

BV 747-5

USV CR 88

USV 554
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18

19

23

25

EQUATION

P -1l wy 218 w3
P =138 wf 2 w3
p-1302'#2"9'3

P - 13.7 w £ 290 w3

5.51 w £ 95,8 W3
9.72 w f 63.3 w3
2,30 w £ 26,7 w3
32w 4 22,7
2,30 w £ 26,7 w3
50 w £ 19,1 w3
1.10 w £ 49.1 w3
164 w f 42,4 w3
7.8, w f 181 w3
1.84 w £ 170 w3

"olO'fl%'B

EQUATION

e05 = 40
«05 = 40
e05 = 40

05 = .35
«10 = .30
e10 = .35
e25 = .35
¢35 = b5
025 = .35
o35 = 5
«25 = 450
25 = o50
005 = 40
¢15 - 45

.20 - ohs

>
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15

16

17

18

19

23

25

PD-9

PD-8

PD-7

PD-14

PD=-17

PD=16

PD-15

PD-18

PD-38

PD=39

PD-1,0

PD-jl

PD-42

PD-19

sV 33

S 2N

S 3N

WV 747-5

USY CR 88

USY 554

Usv 33

S 2N

WY 747-5

USV CR 88

USV 55A

wv 33

S 2K

USV 747=5
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3

8

32

33

35

EQUATION

Pe= =68 w4130
P - =2.86 w £ 30.4 w3
p-=dSlwf 610w
P = 4eTT w# 159 w2
p~=1.25 w# 122 W
p - 2.08 wf LT
P = =Llok2 w f 100 w3
p-=-2.72w{ 58w
P= 3.76wf 50,2 w3
p--1.65 wyf 263w
p- 139wé 386w
p-=o86wyf K1 W
P-=o68wf 962w

p- 6021'} 6705'3

o

EQUATION
RANGE
20 = J40
okO = .90
e25 = ,70
«05 = 55
W15 ~ .65
«10 - .60
15 - .70
e25 = o85
ol5 = 50
o4O = 50
o25 = 40
¢30 - o45
«50 = 1,10
«05 = .50

—— ———
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K. COlE PANZ
286 PD-21 USV (R 88
29  PD-20 BV 55
30 PD-23 WSV 33
31 P2 32K
32 PD-43 WSV 747-5
33 PD-i WSV (R 88
34 PD-45 USV 55A
35  PD-i6 WY 33
36  PD-47 S om
31 P2, WSV 7.5
38 PD-26 USV (R 88
39  PD-25 WSV 5m
PD-27 sy 33
PD-28 8 2§
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43

b5

47

49

P==287vwyf 31,6 w3
P= L% ws 43.1w3
P==103w{ 46,35
P=~=91lwy 18.5 w3
P= S3wgf 19,243
P==.30vwv{ 10.8 3
P==39wf 13,143
P=- B9wfd 6,13
P==1l.02wy{ 5,13
P- 268wd 27,0 w3
P= J7wi 19,73
P=clebbhwi 22,13
P==ls09wif 12,0 43

P--2023\'/ 9.0 3

EQUATION

35 = 65

15 = o5

025 = 40

«30 - 1,00

¢30 = .55

oh5 = .75

ol - .65

b5 - 60

0& - 1050

.15 - .70

030- ow

o” - 1.10

.LS - 075

50 = 1.40

T e
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L2 PD-34
L3 PD-4,9
by PD-35
b5 PD-36
L6 PD-37
L7 PD-.48
48 PD-29
L9 PD-30
50 PD-31
51 PD=32
52 PD-33
53 PD=56
5k PD-57
55 PD-58

UV 747-5

USV 747=5

USV CR 88

USV 55A

BV 33

S 2N

WV 747-5

USV CR 88

WSV 55A

WV 33

S 2N

USY 747-5

BV 7-5

WV 747=-5
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51

52

53

5k

55

56

57

58

59

62

63

p= l2dwyi 9.75 w3
P~ 252w #10.3 w3
P- kTl wyf 1.82w3
P--.53wd 7.89w
P- Jd7ws 512w
P-=o0Llwg 347w
P- 117wf12.7 w
P~ 3.1 wgf 6.9 w
P= Jd2wf 6.8 W
P- Ohwi 7.3 W
p--103wf{ 3.32w
P- 313 wf Lkl W3
P-=30w{3N2 ¥

P - 1.04 wgf57.0 w

EQUATION

—BANGE _

o35 = .75

¢30 - .65

15 = 430 {

«50 = .70 ’

oo

60 - 1.20

025 = .75 |

e20 = .55 !
f

40 - .85 ‘

oh0 = .55

«70 - 1,30

15 = 50

ol5 = .50 |

e e



56

57

58

59

PD=59

PD-60

PD-61

PD=62

PD-63

WV 747-5

WV 747-5

USV 747-5

WV 747-5

USV 7475
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65

67

P - 1.68 w £ 56,0 w3
P - 1.85 w £ 48.7 ¥
P= 26 w4 U5.7 W
P- 26 w4 L5.7w

P= 7wy 50.9w

EQUATION
~BANGE _

ol5 = .55
15 = 50
20 ~ 50
«20 -~ .50

«20 ~ .50




N e

o YIS r oSNNS g N sy~ = TR, 7
’

case of the USV (i 88 construction, it is evident, that the greater de-
parture from homogeniety represented in this construction by virtue of
the wide spacings of the rovings and large areas of non-reinforced resin,
contributes to wide variation in physical property tests that are made
with conventional sample sizes and test methods.

For these reasons, the correlation of pressure deflection tests with
physical property data, presents at the outset, a problem of considerable
magnitude, However, with some consideration of this effect, the two sets
of data seem to have a firm bearing on one another, which will be brought
out in the discussion that follows.

The objectives of the pressure deflection testing included examination
of the effect of various spans of support on the supporting properties of
the materials, Although a standard fastening system was generally used,
the examples for pressure deflection trials 8 and 9, of Iable IV, where the
outer hat section fasteners were spaced two inches apart, rather than 6
inches, show a discernible effect produced by this variation. These stated
objectives were also to be examined with pressure applied through a heavy

self-sealing fuel cell construction, and a lighter bladder cell construction.

Before proceeding with definite statements regarding the test results,
the examination of several aspects of the form of the equations of Table V
may be helpful.

The solutions to the differential equations that describe the action
of plates subjected to fluid loads, Equation (1), page 90, relates to
specific boundary conditions, such as the manner of fastening the edge of
the test plate. 1n general, the restriction which was placed on the deve-
lopment of Equation (1), states that only two methods of support were ap-
plicable, One, a simply supported edge, free to rotate about the point of
contact, or two, a built in edge, absolutely restrained from rotation be-
yond the point of edge contact away from the deflecting center of the plate.
In both of these cases, slippage, or movement of the plate on its support,
toward the center of support was negated.

To examine the validity with which the general form of the equations
expresses the action of the test, attention is again directed to Equation
Lﬁ, page 90, This form implies a.fourth power reciprocal relationship
between the pressures required to produce deflection and the span over
which this deflection occurs., If the coefficients for the cubical deflec-
tion terms of equations, which represent its pressure deflection over 6,
8, 10, and 12 inch spans, are plotted for a given material, it is apparent
that these factors have approximately a fourth power relationship., This is
most easily observed by plotting the coefficients for the various spans
against the span values on logarithmic paper. The average slope of this
plot gives the power relationship of the terms. This has been found to
vary considerably, particularly in the span from 6 to 8 inches. Again it
must be assumed that other parameters are involved which are not accounted
for in the present form of the egquation,
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If expressions of the form of fitted the data exactly,
it would be possible to deduce from experimental data, constants for
the deflection terms which would apply to all materials in a general
way. This can be done by introducing into the specific equation for a
given material, the values which represent the parameters, such as the
test span, the thickness of the material, and the elastic modulus of
the material.

It is convenient to choose two sets of data for the five materials;
one, the pressure deflection curves for the self-sealing cell and six
inch span; and two, the self-sealing cell and eight inch span. Equa-
ting the product of some constant B and the value of Ej with the co-

I

a
efficient of the cubical terms for the equations of trials 17, 18, 19,
20, 21, and trials 27, 28, 29, 30, 31, results in a specific value for
this constant B for each of the equations, E represents the elastic
modulus, h the thickness, and (a) one-half the test span, as on page 90.
If the form of the equation represented the test exactly, constant B
would have the same value for all the equations.

Performing the computations described above, the value for B for
each of the trials mentioned is found to be approximately:

Irials Copstagt B Irials tant B
17 .18 27 2
18 .16 28 13
19 .15 29 U
20 .16 30 .23
2 .69 31 .69

This shows that constant B in the equations representing the materials
USV 747=5, USV CR 88, USV 55A, and USV 33, all essentially high strength

low elongation constructions, is reasonably the same for each case. This

is more striking in the case of the six inch span than the eight inch
span. Undoubtedly as the span is increased, the effects of bearing
failure and other parameters not accounted for in the form of the equa-
tions play a greater part. The value of constant B for the high elonga-
tion nylon board shows great departure from the other types.

In computing the constants B, above, the value of one-half the test
span was taken as one-half the center to center spacing of the hat sec-
tions, Using the edge separation distances as the span length would not
change the comparative value of the figures, although in more detailed
work it is obvious that some study would be required to establish the
offective span relationship for this type of test,
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It was stated previocusly, that the linsar deflection term of the
equation was intended to account for the flexural resistance of the
materials during deflection. As in the case of the cubical coeffi- '
cients, these linear term coefficients follow a general pattern de-
psndent upon the properties of the material. They are consistently !
highest for the equations describing materials with the greatest gross
fleoxural strength, or stiffness, and lowest for the most flexible pa-
nels. :

In many instances this linear deflection term coefficient of the
equations has a negative sign. This is not physically explainable by

reference to the equations, since it would mean that the flexural re-
sistance of the bending at the supports was actually contributing to
the deflection. This is obviously not physically true because the
stiffness of the board has been shown to be important in reducing the
deflection under load. This again is the result of forcing the data to
fit an equation which does not take into account all the significant
parameters.

In this connection, it should be noted that the effect of a slack- |
ness or looseness of the backing board across the supports at the start
of a test, would result in a stress strain curve having a large amount g
of deflection under low pressurization at the outset. The subsequent |
tightening of the board would then produce a deflection pattern similar ;
to that of a board of the same material which did not have this initial
looseness, Fitting equations to these two trials would then present the
following difficulty. The equation fitted to the stress strain curve
with the large initial deflection would not physically represent the
data, since no provision was made in the form of the equation to account
for the initial tension conditions of the installation. This would re-
sult in a negative coefficient for the first deflection term to bring
the value of the cubical term into conformance with the low pressures
exerted in the initial portion of the deflection. The subsequent higher
order of the cubical or membrane term, as the deflections become larger,
would then reduce the effect of this negative term, resulting in an
equation which would fit the limits with the desired accuracy.

In the same way, the equation resulting from fitting the data for
the same type of board, without an initial looseness across the supports,
would result in a form more nearly in agreement with the boundary con-
ditions established for the general case., This equation would have a
positive coefficient for the bending term and physical compatability
with the known effects. This situation in-which the initial tension of
the board across the supports greatly affects the analytical results,
has obviously affected the equations on which this analysis was based.
An initial looseness in the installation that resulted in a center de-
flection of as little as ,050 inches at the center, under amall loads,
would be represented by approximately reducing the value of the linear
deflection term coefficient by three. Ln the materials tested, two ef-
fects were additive in causing stress strain curves which required
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negative coefficients for the deflection equations, First, the back-
ing boards with the lowest gross flexural stiffness, were generally
the most difficult to install on the test device in a uniform manner.
This is to be contrasted with the equations for the USV 7,7-5 boards,
Here, the physical structures of the board lends itself to a uniform
installation because of its stiffness and flatness, and the deflection
equations have positive values, In the more flexible, less uniformly
flat boards, the negative deflection terms appear in the equations,
becoming more predominent as the larger spans are used, where the dif-
ficulties of installation are increased.

Much information relating to the objectives of the work canm be
had by referring to the test results of the pressure deflection trials
without resorting to specific property comparison.

It should be said, that the method of testing the support proper-
ties, produced results which illustrated the interaction of effects for
which no specific cognizance was taken in the analysis., For example,
testing was performed by recording the deflection at the center span,
of a series of spans across the test piece, It was apparent in view-
ing the tests that much greater deflections were occurring in the hat
section spacings on either side of the test area., In general, these
vwere symmetrical amounts greater than at the central measuring position.
However, since definite deflection measurements were taken only at
the central hat section spacing, in the majority of tests,it can only
be suggested that the decided differences in the stress strain curves
obtained at various hat section spacings across the test panel, as il-
lustrated by the three curves of_Fjigure 18, would also exist in the
general bulk of the data,

It is suggested that measurements of the kind illustrated in the
stress strain curves of Figures 17 and 18, page 36 and 37, would be
very useful in determining the elongation experienced by the fuel cell,
in deflecting with the backing board during pressurization., It is
obvious from Figure 17, that the measurements of deflection at the
center of hat sections near the edge of the panel are greater than for
center of the panel, where the additive resistance of fasteners on the
hat sections on either side reduce the deflection. Measurement at
the edges of the test panels is suggested for further work to establish
the pressure conditions necessary to produce given elongations of the
fuel cell supported by the backing board materials. The measurements
taken at the center sections in the majority of this work, represent
the minimum strain experienced by the panels. A more definite establish-
ment of the relationship of this suspected action on either side of the
center position should be examined in a more detailed study. Its
effect in this work can only be mentioned as a possible parameter that
was not considered in detail, except in trials 9 and 10, The stress
strain curves of trials 9 and 10 show the increased resistance to
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deflection with additionmal fasteners, as compared to the regular test,
trials 23 and 25,

Examination of the test panels, established that bearing failure
actually did occur in the course of pressurization, permitting the
original edge supports of the spans to slide toward each other, This
would necessarily imply that the equations used to describe the pres-
sure deflection data, patterned after Equation (1), would not be exact.
However, in examining the results, it is obvious that the equations
do describe and differentiate between various backing board construc-
tions tested in a given manner. For example, the equations for trials
17, 18, 19, 20, and 21, show a descending value for the coefficients
of the cubical terms in the order named. This same order with one
exception exists for similar tests using the bladder type cell, rather
than the self-sealing cell., See equations for trials 11, 12, 13, 1,
and 15.

In comparable tests on the five materials using two types of fuel
cells, it appears that the general mechanical properties of the boards
influences the data sufficiently to permit identification of the ma-
terial on the basis of its test performance. In these two sets of da-
ta the backing board with the greatest stiffness, highest resistance
to bearing failure, and highest gross tensile strength gives a pressure
deflection curve whose deflection term constants are highest in the
grouwp, This is true of the USV 747-5 backing board in all the pressure
deflection trials. In comparison, the S 2N backing material with the
lowest flexural rigidity, and lowest tensile strength, in the elonga-
tion ranges experienced by the deflecting panels, gives a pressure de-
flection history whose equation shows the lowest deflection term co-
efficients,

Unfortunately the interplay of properties over the range of spans
used for testing does not result in a clear cut order of materials in
between the extremes of the USV 7,47-5 and the S 2N boards., For example,
the USV 55A material of trial 19 gives a pressure deflection history
showing greater resistance to deflection than the USV CR 88 material of
trial 18, with the self-sealing cell, ‘hereas the order of strength
is reversed in the tests using the bladder type cells in examples 12
and 13, In examining the gross flexural, bearing, and tensile proper-
ties of the two materials, this action is difficult to explain. By
virtue of its lower ultimate elongation, the USV 55A material would
be expected to approach its maximum in all properties before the USV
CR 88 material under similar conditions of strain, However, the greater
deflection of the backing board and cell into the hat sections on
either side of the central measuring position could conceivably bring
about a firmer fastening condition at the center hat sections for the
USV CR 88 material., This would result in a lesser deflection in this
area, for a weaker material, because of less slippage at the supparts.
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The validity of such an explanation would require the measurement of
the lateral displacement of the backing materials simultaneously
with the deflections at the center of the span,

It is clear that the ultimate strength values generally obtained
in mechanical properties tests contribute little to an evaluation of
this type, where in general the strains occurring during the test, do
not produce stresses exceeding the ultimate values of the materials,
In general the discussions of this report make use of the ultimate
elongation as an indication of the rate at which a material would ap-
proach its ultimate strength in tension, flexure, and bearing, This
is the suggested explanation for the high deflections of the nylon
construction which has tensile and bearing strengths very comparable
to the constructions offering the most support.

Noticeable differences in the support offered by the test materials
with self-sealing and bladder type fuel cells can be recognized through-
out the test program. :ith some exceptions, the deflection of a given
backing board material with a heavy self-sealing fuel cell backing is
noticeably less under identical pressures than with the lighter bladder
cell constructions., This is evidenced in the equations by higher values
for the deflection coefficients in the trials where bladder cells were
uvsed, compared with trials using self-sealing cells., This is taken
to mean that the higher tensile properties of the self-sealing cell,
reinforces the resisting effects of the backing board to deflection.

Trials 53 through 60 show the variation that occurs in a series
of tests representative of the methods used throughout the presswe
deflection testing. By examining the equations for these tests in
Tgble V, it appears that decided variations are inherent in the method,
using bhe material most capable of repetitive installation.

The stress strain curves of these trials show that fastening
failures appear at more uniform loads and strains, than the shape of
the curve might suggest. In this series, the range of loads to cause
failure is 6.50 to 9.00 pounds per square inch, while the range of
deflections is from .520 to .570 inches, Fastening failure is indicated
on the pressure deflection curves by sharp breakes in the curve with
sudden deflections at the point of measurement. The greater uniformity
of failure with elongation illustrated in these examples should be in-
vestigated in further work,

It would seem that two avenues are available in proceeding further
with this work, First, it wuld be possible by proper design of test
equipment to eliminate in great part the variation of tension across
the supports. The mounted panels would then more nearly represent the
boundary conditions for which analytical solutions to the problem of
large deflections in plates is known, or good approximate solutions
available. Second, it would seem more practicable in the end, to
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analytically take this type of variation into acoount, in the design of
the equations used to express the action of the backing board under test.
Other factors of this same character, such as the deflection resulting
from bearing failure, would naturally also have to be treated in the
design of a proper equation.

The variations which have effected the results of this work, will
also be present in actual service installations to some degree. For
this reason, it might be argued that the analytical results would be
reasonable without further refinement as a means of examining backing
board support properties. This argument would apply of course, only to
those variations such as drape of the board between the hat section
supports. The parameters which apply to the rate at which the strength
properties of the materials, such as bearing strength, tensile strength,
and flexural strength, approach their maximum values, and the interaction
of these effects, would certainly need to be accounted for in a more
rigorous analysis.

CONCLUSIONS
GUNFIRE DAMAGE SIMULATION INTERNAL EXPIOSION TEST

1. The internal explosion test at its present state of development,
is capable of indicating variations in gunfire resistance of
backing board materials, but to a lesser degree than gunfire
tests. Greater concentration of the forces of the explosions
should correct this deficiency.

2, The large test panel and jig used for internal explosion tests
did not appear to add to the capability of the test sufficiently
to warrant its use over a amaller test device, It served merely
to show that the wide spread effects of the explosion, such as
shearing at hat section supports and bearing fallure at fastening
points duplicated gunfire tests,

3. Complete simulation of gunfire damage to fuel cell backing boards
was not achieved in this work., It is believed that further im-
provements in methods would result in a satisfactory test.

L. The internal explosion tests were not semsitive to the depth of
the explosion in the fluid as the actual gunfire tests are
known to be.

5. The use of actual air frame constructions for internal explosion
testing in the form of aluminum hat sections and supports result s
in an expensive destructive type test method. It was established
that the elasticity and resiliency of the test frame affects the
results,
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6. Shock absorbing pads such as U, S, Rubber Company "Ensolite",
a unicellular, lightweight plastic foam material, placed
between the fuel cell wall and the backing board test panel,
was effective in reducing damage to the backing board in
internal explosion tests.

It is recammended that a amaller test jig be used for the internal
explosion method for simulating gunfire damage to backing board materials
of fuel cells, similar to that described in WADC Technical Report 54-474
Part I, Further, that methods of concentrating the shock waves of the
internal explosion technique be employed to localize damage in the simu-
lated wound area. It is suggested that this may be accomplished by the
use of reflection devices in the fluid, or shaped explosive charges,

Further work is recommended on the useful shape, size, and loca-
tion of a simulated wound for internal explosion testing.

SUFPORT CHARACTERISTICS PRESSURE DEFLECTION TESTING

1. The number and spacing of fasteners definitely affects the
supporting ability of fuel cell backing board materials, In
this regard, it is probable that frictional differences bet-
ween support members, backing board, and fuel cell walls also
have an appreciable effect on the deflection under load.

It is recammended that further work be done to ascertain the most
suitable type and spacing of fasteners to provide maximum support con-
sistant with optimum resistance to gunfire damage.

2, Heavy fuel cell constructions contribute appreciably to the
supporting ability of the backing board with which they are
used. .

3. Stress strain curves of the type produced for evaluation of
the support of backing board materials are useful in determining
the deflections that may be expected in given installations
and also the loads which are required to cause initial failure
at fastening points,

It is recommended that the points of deflection measurement be
increased to include all the hat sections in further work. This will
pernit evaluation of fuel cell elongations and other effects which were
not maximum at the central sections of the test panels, by reference
to the pressure deflection curves taken in areas of maximum deflections.

L. The general design of the pressure deflection test is guite
adequate for producing stress strain curves.

5. The equations developed to represent the deflection of the
backing material under fluid pressure loads, is useful in
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examining the support properties of various materials. These
equations are also useful for extrapolating beyond the limits
of pressure and deflection for which they were constructed.

6. The fom of the equations used to describe the action of the
test panels neglects the effects of the initial condition of
the test panel across the supports and the effects ascribed
to bearing failure,

It is recommended that a more exact solution for the equation re-
presenting the deflection of the test panels be devised which accounts
for initial slackness of the material across the test supports and the
increased elongations resulting from bearing failure of the material
at the fastening points.
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APPENDIX I

BACKING BOARD TEST MATERIALS

Six backing board test materials were chosen for evaluation by the

test procedures of the report.

These include; all Nylon constructions,

all glasscloth wWith polysster resin impregnation, combination of glass-
cloth and cotton duck fabrics with polyester impregnation, and all Dacron

construction,

This group included boards designed for Type I, Type II and Type III
installation, as described in USAF Specification MIL-P-8045.

The all Dacron construction backing board was ordered from the Russel

Reinforced Plastics Company., However, this material could not be deli~-

vered in time to be included in the evaluation.
backing board materials included in the test program is given in Table VI
below, It should be noted that the USV CR 88 materials consisted of
laboratory and production types with some differences in properties.
Appendix VI, page 129, for details of this material.

TABLE VI

The description of the

IDENTIFICATION OF BACKING BOARD TEST MATERIALS

CCDE MANUFACTURER

USV CR 88 U,S, Rubber
Laboratory

USV CR 88 U,S, Rubber
Prodaction

USV 55A U,S. Rubber

Usv 33 U.S. Rubber
3 2N Swedlow
8 3N Swedlow

WADC TR SL-474 Pt 2

FABRIC

Fiber-
glass &
Duck

Glass-
cloth
rovings
Glass-
cloth
rovings

Glass~
cloth

Glass-
cloth

Nylon

Nylon

108

RESIN

Polyester

Polyester

Polyester

Polyester

Polyester

Nylon

Nylon

GAGE

065"

.065

035

047

° 029

«050

075

WEIGHT
0.47 #/FT.%

O Ll
0.31

0.35

0.23

0.2,
0.36

See

TYPE
I

III

III

II

-
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APPENDIX II

FUEL CELL BACKING BOARD INSTALLATION
IN ™HE AIRFRAME INDUSTRY

Conferences were arranged with the aircraft engineering personnel
of a representative group of aircraft manufacturers. The purpose of
these conferences was to swvey the problems of fuel cell backing board

installation in aircraft and solicit suggestions regarding test procedures.

The design of the work of this report was influenced in a great part by
the many helpful suggestions offered by the aircraft indwstry.

The following conferences were held with the engineering represen-
tatives of the air frame manufacturers:

BOEING AIRCRAFT (0.
21, 22 June 1954

C. R, Strauss
D, Nordstrom
J. Lynch

co co Surland

W, H, Smith

NORTH AMERICAN AVIATION CO.
23 June 1954

W, Kelso

W, Bratfish
J, Moran

T, Wise

C. McElderry
C. C. Surland

W, Ho Smith

DOUGLAS AVIATION CO.
2, June 1954

C. Michel

G, McGhee
W, Judson
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Wichita, Kansas

Boeing Power Plant Engineering
n 1] ] fn

U, S, Rubber Co, Fuel Cell Engineering
U. S. Rubber Co., Divisional Development
Laboratories
U, S. Rubber Co, Divisional Development
Laboratories

Los Angeles, California

Power Plant Engineering

] " n

n " n
U, S, Rubber Co. Fuel Cell Engineering
] n ] " n n "

U, S, Rubber Co, Divisional Development
Laboratories
U. S, Rubber Co, Divisional Development
Laboratories

d
El Segundo, California

Po\:or Pl:nt. Bngin:oring




To "1..

C. McElderry
C. Co Surland
w

o H, Smith

LOCKHERD AVIATION CO.
2, June 1954

J. Shannon
D, Sansel

R, Stobler

T, Wise

C. McRlderry
C. C, Surland

W, Ho Smith

DOUGLAS AVIATION CO.

M, Curtis

I. Petrosky
To Wise

C. McElderry
C, C. Surland

W, He Smith

U. S, Bubber Co, Fuel Cell Engineering
n = ] L} L} [ ] "

U. S. Rubber Co, Divisional Development
Laboratories
U. S. Rubber Co. Divisional Development
Laboratories

Los Angelss, California

Power Plant Engin:cring

] "

] [ n
U, S, Rubber Co. Fusl Cell M—m.m
" n ] [ ] ] " "
U. S, Rubber Co, Divisional Development
Laboratories

U. S. Rubber Co., Divisional Development
Laboratories

Long Beach, California
Power Plant Engineering

n ] n
U. S, Rubber Co, Fuel Cell Engineering
" ] L} " ] | ] "
U. S, Rubber Co, Divisional Development
Laboratories

U. S, Rubber Co. Divisional Development
Laboratories

The general problems of backing board installation were discussed
in each of the conferences listed above. The engineering personnel of
the companies visited, indicated that they would be willing to submit
details of their fastening methods to WADC for use in this work,

In general, fastening devices consist of AN Standard Nut Plate with
AN515 screw, Holes are drilled through the backing board into the struc-
ture, and the fastening made with screw and nut plate without torque con-

trol,

In one instance, a method was used that would seem to have merit in

reducing deflection and fastener failwre under load. In this system 7/16

inch holes are drilled in the backing board at the fastening points.

0.9 to 0.233 inch holes are drilled in the structure.

is comprised of a S5-1114189-10R screw, an A3235«,620 inch washer, and an

A8580~10-1 nut plate,
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It was standard practice in the industry to use Bauer & Black 214
tape, or similar, to cover any sharp edges or projections in a structure
before lining it with backing board.

In the matter of spacing and depth of stringers, little conformity
could be found between the various aircraft investigated. In general,
the bomber types utilised wider and deeper support sections than the
lighter aircraft. In few instances, however, is the spacing between

-support members greater than 12 inches, or deeper than 6 inches.
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APPENDIX III

INTERNAL EXPLOSION AND
FRESSURE DEFLECTION TEST JIG

The essential construction of the test jig is shown in Figure 69,
page 113. The fastenings that hold the backing board and support
penel in contact with the fuel cell were damaged on the first explosion,
and improved fastenings were added to the structure to overcome this

deficiency. These are apparent in Figuyre 1, page L.

The explosive charge, consisting of a fast burning catalyzed pow-
der, was contained in standard 12 gauge shotgun cartridges. A cartridge
was fitted into a breech, exposing the charge, and fitted with a firing
pin to detonate the standard cap in the cartridge. The method of in-
serting the charge was simplified and improved by removing the threads
from the breech that necessitated threading into the receiving plate in
the threaded collar which screws onto the fuel cell fitting in such a ‘
manner that a rubber gasket on the threaded nipple protruding from the ’
fitting is forced against the smooth outer wall of the breech to hold it
in firing position. The breech can be mounted on the cell, with the
charge immersed in the fluid inside the fuel cell as in Figure 1.

ing board, Figure 69, page 113, was constructed originally of 0.125 inch
alumimmn sheet, with the hat sections riveted to the sheet, and in sub-
sequent trials the structure was modified to permit the use of a 0.500
inch aluminum plate, This structure was damaged in later explosion trials
and a one-inch steel plate with one-inch steel hat sections four inches
deep was constructed for further tests. See Figure 70. This test plate
was able to withstand the explosions without damage. The hat section
shape and spacing for all tests was 6 inches center to center as prescribed

|
|
|
The panel that holds the supporting hat sections against the back- : !
|
.’l
for cube gunfire tests in MIL-P-8045. }

|

The fuel cell that contained the fluid in which the explosion was
created can be seen in Figure 69. The protruding flange at the top of the
cell caused buckling in the cell walls when it was placed in the cavity,

An improved fuel cell for containing the fluid in the internal explosion

Jig was constructed and installed in the device. The cell was built to

fit into the cavity in such a manner that, in an undistorted position,

the cell bottom was in contact with the enclosure, and the top of the

sealing flange met the upper inside surface of the jig. The remaining

space on either side of the flange was filled with relatively incompressible

plywood pieces cut to fill the cavity and prevent undue stresses from

occurring on the cell walls during the explosion. See Figure 70, . ;

The test panels were 30 inches high and 4O inches wide. The manner
in which they were installed is illustrated in Figyre 70, page 114. ihen
Typs I installations were tested the panels were attached to the test
frame with adhesive tape to hold the panel in position until closure of
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INTERNAL EXPLOSION JIG
BACKING BOARD INSTALLATION
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the test door and the pressure resulting from filling the fuel cell
wdth water provided sufficient friction between the panel and the cell
and hat section supports to maintain its position.

The simulated projectile wound in all trials consisted of two 3/8
inch holes in the center of the panel separated at their centers by
two and one quarter inches,on a 45 degree angle with the vertical, con-
nected by a saw cut, This wound was located midway between hat section
supports, and centrally located on the test panels, except where noted
in the Tables I, II and III.

The explosive charge was centered at the same elevation as the
wounds, except as noted in Tables I, II, and IIL, The position of the
hat sections on the test frame is shown in Fjgure 71, page 116. The
first 14 panels were tested with the hat sections positioned as shown
in the illustration, which located the horizontal position of the ex~
plosive charge directly behind the center hat section. On panel 15,
the position of the hat sections was moved horizontally to bring the
position of the test wound directly in front of the explosion. This
arrangement was used in all subsequent testing.

All panels after panel 14 were installed as Type III backing boards,
Panels 15 thru 18 were installed in the manner prescribed in MIl-P-8045
and MIL-T-5578A, Panels 19 thru 34 were mounted by frilling .1562 inch
holes in the panel using a spacing jig and fastening the board with
AN-515-8R10 screws into tapped holes in the steel hat sections.
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FIGURE 71

TOP AND FRONT VIEW OF
BACKING BOARD SUPPORT FRAME
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APFENDIX IV

MECHANICAL PROFPERTIES
OF BACKING BOARDS

The autographic strain recording equipment described in Section
I], Pressure Deflection Testing, under Test Kethods and Equipment,
psge 23, was used to record elongations, The tensile strength and
elongation of the backing boards was determined by Kethod 1011 of
Federel Specification L-P-406b, 27 September 1951.

Elongations were recorded by attaching a clamping unit resembling
a sml) "C" clamp to the sample such that a small spherical indentor,
approximately 1/64" diameter is forced against the bench mark. The
sensing arms of the transducer then rest against the screw on the end
of which the indentor is fixed.

The extensometer and electronic recorder used for these measure-
ments appear to have inherent reproducibility beyond the accuracy that
is obtainable, due to variations in the samples and errors vhich re-
sult from slippage in the clamping units that are attached to the samples
and activate the extensometer.

The data for the elongation of the backing board materials used
in this work are listed in Table VII, In general, five samples were
used, but in some instances ten samples were run. The standard deviation
from the average and the limits of 95% confidence are given for each
of the test materials,

TABLE VII
ELONGATION OF BACKING BOARD MATERIALS

PANEL EIONGATION (%) STANDARD DEVIATION® 95% CONFIDENCE LIMIT
USV_747=5

WARP 3.35 0.28 £ 0,35
FILLER 4.21 0.28 £ 0,33
USV_CR 88

WARP 1.81 0.20 £ 014
FILLER 4,00 1.14 £ 0.78

#* From Average
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BANEL

usv=3534

WARP 2,62 0,17 £ 0.26
FILIER 2,71 0.17 £ 0.2
usv-33

WARP 1.7 0.18 £ 0.22
FILLER 1.86 0.18 £ 0.22
S=2N

WARP 20.47 0.74 £ 0.53
FILLER 29.02 .27 £ 0.91
SN

WARP 20,62 0.64 ¢ 046
FILLER 27.32 0.82 ¢ 0.58

# From Average,

The rather wide limits of the 95% confidence values probably re~
present the variability that exists in the properties of the materials
and the variation introduced by the clamps used to activate the strain
recorder. This is to be expected, since the difficulty in obtaining
representative samples from woven materials is well known.

Table VIII, lists the mechanical properties of the materials des-
cribed in Table VI. These data were obtained by test methods prescribed
in Military Specification MIL~P-8045 (USAF), or equivalent.

It should be noted that data for the Modulus of Elasticity in

Flexure is in some cases reported for two testing spans. This was in-
cluded to show the dependence of the results on the test conditiems.
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TA

MECHANICAL PROPERTIES OF TEST MATERIALS

I

USV 747 §

TENSILE (psi)
BREAKING STRENGTH (#/in.)
ELONGATION (%)

MODULUS OF ELASTICITY
IN FLEXURE (psi) (16 to 18 times

the gauge)

MODULUS OF RUPTUFE
(psi) (2" span)

MODWUS OF ELASTICITY
IN TENSION (psi) (2" span)

SHEAR STRENGTH (psi)
BEARING STRENGTH (pei)
BEARING STRENGTH (#)*
TABOR STIFFNESS**

MODULUS OF ELASTICITY
IN FLEXURE (pei) (2" span)

GAUGE
#/r.2

IZOD IMPACT (ft.#/in.)
(Notched)

HEAT DISTORTION
(Deg. F. @ 264 psi.)

* §/fastensr,

WARP

19,000
1,300
2,5

1,100,000

21,500

1,040,000
13,800
32,040

336
159

1,165,000
068

50
23,1

164

* Tabor Stiffness Gauge. Tabor Instrument Co.
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FILLER

21,000
1,500
2.7

1,200,000

22,600

1,080,000
15,700
35,240

369

. 1’336’m

357

177
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TABLE VII

MECHANICAL PROPERT OF TEST MATERIALS
USV CR 88

TENSILE (psi)

BREAKING STRENGTH (#/in.)
ELONGATION (%)

MODULUS OF ELASTICITY

IN FLEXURE (pei) (16 to 18
times the gauge)

MODULUS OF RUPTURE
(pei) (2" span)

MODWLUS OF ELASTICITY IN
TENSION (pei) (2" span)

SHEAR STRENGTH (psi)
BEARING STRENGTH (pei)
BEARING STRENGTH (#)*
TABOR STIFFNESS**

MODULUS OF ELASTICITY IN
FLEXURE (psi) (2" spen)

GAUGE
#/m.2
IZOD IMPACT (ft.#/in.)

IZ0D IMPACT (ft.#/in.)
(Unnotched)

HEAT DISTORTION
(Deg. F. ® 26/ pei.)

#  §/fastener.
#%* Tabor Stiffness Gauge.

WADC TR 54=474 Pt 2

WARP
33,200
1,770

1.8

1,053,000

37,200

1,486,000
8,700

«050 - 060"

olidy
20.2
3543

160

2

GAUGE RANGE ,050 - .060"

FILLER
18,300
960

40

555,000

617,000
8,000

680,000

26.2
32.3

157

Tabor Instrument Co,

GAUGE RANGE .035 - 040"

WARP
48,000
1,700

2.8

933,000

43,500

1,767,000

36,000
211
37

1,000,000
035 ~ 040"
31

FILLER
27,800
1,000
3.1

7w,000
38,”
740,000
31,960

150
28




TABLE VIII (gogf_.,)

MECHANICAL PROPERTIES OF TEST MATERIALS

USV_55A
WARP

TENSILE (psi) 35,000
BREAKING STRENGTH (#/in.) 1,500
ELONGATION (%) 1.7
MODULUS OF ELASTICITY
IN FLEXIRE (psi) (16 to 18 times 2,300,000
the gauge) .
MODULUS OF RUPTURE
(psi) (2" spen) 50,200
MOD WS OF ELASTICITY
IN TENSION (psi) (2" span) 1,640,000
SHEAR STRENGTH (pei) 16,300
BFARING STRENGTH (psi) 39,760
BEARING STRENGTH (#)% 255
TABOR STIFFNESSH* 8l
MDULUS OF ELASTICITY
IN FLEXURE (pei) (2" span) 1,960,000
GAUGE | .0oL8
#/FT.2 .38
I20D IMPACT (ft.#/in.) 24.1
(Notched)
HEAT DISTORTION 198

(Deg. F. @ 26/ psi.)

# f/tastener,
#% Tabor Stiffness Gauge. Tabor Instrument Co.
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FILLER

36,000
1,6@‘
1.9

1,045,000

1,430,000
19,800
39,880

253
86

1,016,000

28.5

179




TABLE VIII (Cont,)

MECHANICAL PROPERTIES OF TEST MATERIALS
Usv 33

TENSILE (psi)
BREAKING STRENGTH (#/in.)
ELONGATION (%)

MODULUS OF ELASTICITY
IN FLEXURE (psi) (16 to 18 times)
the gauge)

MODULUS OF RUPTURE
(psi) (2" span)

MODUL(S OF ELASTICITY
IN TENSION (psi) (2" spen)

SHEAR STRENGTH (psi)
BEARING STRENGTH (psi)
BEARING STRENGTH (#)*
TABOR STIFFNESS**
GAUGE

#/rr 2

* ﬁ fastener.

35,900

1,078

1.74

1,300,000

41,480

1,700,000

21,120

32,800

1,8

030

25

#* Tabor Stiffness Gauge. Tabor Instrument Co.
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FILLER

33,600

1,000

1.86

1,032,000

42,560

1,630,000

20,920

35,050

149
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TABLE VIII (Cont,)

MBCHANICAL PROPERTIES OF TEST MA

TENSILE (pei)
BREAKING STRENGCTH (#/in.)
ELONGATION (%)

MDWUS OF ELASTICITY
IN FLEXURE (pei) (16 to 18 times
the gauge)

MODWLUS OF RUPTURE
(pei) (2" span)

MODULUS OF ELASTICITY
IN TENSION (psi) (2" span)

SHEAR STRENGTH (pei)
BEARING STRENGTH (psi)
BEARING STRENGTH (#)%
TABOR STIFFNESSH*

MODULUS OF ELASTICITY
IN FLEXURE (pei) (2" span)

GAUGE
#/r1.2

I20D IMPACT (ft.#/in,)
(Notched)

I20D IMPACT (f£t.#/in.)
( Unnotched)

HEAT DISTORTION
(Deg. . ® 264 psi,)

¥ §/fastener,

S
WARP
26,300

1,200
20.5

Not Applicable

Not Applicable

159,000
14,500
36,860

260
8.8

Not Applicable
<043
23
27.6

21,6

Too Flexible

#% Tabor Stiffmess Gauge. Tabor Instrument Co.
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FILLER

23,100
1,100
29.0

Not Applicable

Not Applicable

99,200
14,300
4k 5230
311
6.2

Not Applicable

25.2

25

Too Flexible

3




TABLE VIII t
MECHANICAL PROPIRTIES OF TEST MATERIALS

T M b A A i s e enm o
. »

S 3N

WARP FILLER
TENSILE (pei) 27,000 2/, 800
BREAKING STRENGTH (#/1n.) 1,700 1,600
ELONGATION (%) 2.6 27.3

MODULUS OF ELASTICITY
IN FLEXURE (psi) (16 to 18
times the gauge)

MODULUS OF RUPTURE
(pei) (2" span)

MODULIS OF ELASTICITY
IN TENSION (pei) (2" span)

SHEAR STRENGTH (psi)

MODULUS OF ELASTICITY
IN FLEXURE (psi) (2" spen)

Not Applicable

Not Applicable

145,000
14,200

Not Applicable

Not Applicable

Not Applicable

140,000
17,600

Not Applicable

GAUGE .063

#/r1.2 .34

IZOD IMPACT (ft.#/in.) 35.1 30,0
(Notched)

IZOD IMPACT (ft.#/in.) 32,0 31.5
(Unnotched)

HEAT DISTORTION Too Flexible Too Flexible

(D.Bo F. @ 26h Pﬂio)
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APPENDIX V
CUBE GUNFIRE TESTS

Cube gunfire tests were completed on USV 747-5 and USV CR 88
backing boards on 15 December 1954 at the United States Rubber
Company Gunfire Range. These tests were conducted and witnessed
by R, D, Ledon and W, H, Smith,

The test panels were gunfired in accordance with MIL-P-8045
(USAF), item 4.3.2.7.1 with the exceptions noted,

Exceptiona:

a, Structure was at ambient temperature.
b, AP ammunition was fired.

The materials were installed as Type I1II backing boards, in
accordance with MIL-T-5578A,

The mumber of the round fired entrance or exit shots were marked
on the backing board pansls. The 45 degree rounds are marked 45
degrees; all others are straight~in shots, See Figures 2 thru 5.
"X" stands for exit, "E" for entry.

Following the firing, both panels remained fastened to the hat
sections and had to be torn off for storage. All wounds in the fuel
cell sealed without plugging.

Changes and improvements in the methods for continually pro-
ducing a woven roving laminated backing board material, during the
course of this work, resulted in a lighter construction of the USV
CR 88 material than that used for the gunfire tests described above,
This is described in Appendix VI, page 129, Additional cube gunfire
tests on this lighter construction, 0.035 inches thick and weighing
0.31 pounds per square foot, are shown in Figures 74 and 75, pages
127 and 128, These tests were conducted at the United States Rubber
Company shooting range on 28 March 1955, in the manner described
above, Improved resistance to gunfire damage is apparent in the lighter
construction by comparing Figures 4 and 5 with Figures 74 and 75. The
damage shown around the gunfire wound for the lighter materials in
Figures 74 and 75, in general, is of lesser extent and amount than that
shom for the heavier construction of USV CR 88 of Fjigures 4 and 3.
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FIGURE 74

CUBE GUNFIRE TEST PANEL USV CR 88
(DMPROVED CONSTRUCTION)
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FIGURE 75

CUBE GUNFIRE TEST PANEL USV CR 88
(TMPROVED CONSTRUCTION)
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AFPENDLX VI

COMMERCIAL PRODUCTION OF USV CR 88
BACKING BOARD

The development of a woven roving, polyester laminated backing
material was originally accomplished with platen presses. This re-
sulted in samples of small dimension adequate for the work of Part
I of this report. The use of larger test panels for this part of
the work required the development of methods for producing the back-
ing board on contimous laminating equipment.

The USV CR 88 panels coded 3, 4, 16, and 17 in Tables I and 1II,
pages 12 and 15, were representative of the material of the first
successful production on commercial equipment. This resulted in a
material with high percentage of resin, This is the material illus-
trated in Figures L amd 5, cube gunfire tests on USV CR 88,

Later production changes and improvements in operation resulted
in the production of a material of considerably lighter weight and
gage. The test panels of Table III, coded Panels 19, 20, 22, 2,
25, 26, and 33 were of this lighter construction.

Gunfire tests of the lighter weight material reported in WADC
Technical Report 54-474 Part I, compare very well with those of the
heavier USV CR 88 material cited above. Subsequent cube gunfire
tests on the construction typified by panels 19, 20, 22, etc,, show
better resistance to gunfire than that illustrated for the heavier
cube gunfire panels of Figures 3 and 4. See Figure 74 and 75, pages
127 and 128, which illustrate cube gunfire data on USV CR 88 backing
board 0.035 inches thick amd weighing 0.31 pounds per scuare foot.

A description of the production and construction of the USV CR
88 materials of this report 1is given below:

ct USV CR
kagufact .
USV CR 88 was made on continuous laminating equipment, Gloss
surface on one side, dull surface on reverse side. Commercial

production of USV (R 88 was accomplished with the continuous
press method,

Amougt produced, 100 sq. ft.
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Mterials:

Resins: Pareplex P-43
Catalyst: Bensoyl Peroxide 2%
Added Styrenes et

Viscositys 425 cps.

Gel Times 6 Min. at 180°F,
Exothera: 24,8°F,, at 180°F. bath

Pabrics Woven Roving

Os. per sq. yd. 25.5

Gauge in thickness .050

Thread Count 5 x 5

Breaking Strength Warp 900 lbs. per inch
Fill 900 1lbs. per inch
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